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A Mathematical Theory of Production: 


Planning and Scheduling 


niversity 


Until recently, there had been es- 
sentially two major contributions to 
theory in planning and scheduling. The 
first was F. W. Taylor's original recog- 
nition of the basic problems, for ex- 
ample |29|*: 

“In most cases, for instance, of a 
machine shop doing miscellaneous 
work, in order to assign daily to each 
man a carefully measured task, a 
special planning department is re- 
quired to lay out all of the work at 
least one day, ahead. All orders must 
be given to the men in detail in writ- 
ing; and in order to lay out the next 
day's work and plan the entire pro- 
gress of work through the shop, daily 
returns must be made by the men to 
the planning department in writing. 
showing just what has been done. 
Before each casting or forging ar- 
rives in the shop the exact route 
which it is to take from machine to 
machine should be laid out. An in- 
struction card for each operation 
must be written out stating in detail 
just how each operation on every 
piece of work is to be done and the 
time required to do it, the drawing 
number, any special tools, jigs. or 
appliances required, etc.” 

The second was Gantt’s development 
of the time-progress chart bearing his 
name and utilizing a graphic 
analogue as the central means of sched- 
uling. Most other writings have been 
essentially descriptions of methods and 
procedures used by particular firms, or 
analogue definitions of these functions. 
None has attempted to move toward 
a quantitative theory in production. For 
typical example of those writings, the 
first edition of /ndustrial Organization 
and Management |5| defines schedul- 
ing as “fitting operations into a logical 
timetable.” This definition, of course, 
does not provide any quantitative cri- 
teria for “logical,” such that inde- 
pendent experimenters could be assured 
of achieving the same results from 


this paper was prepared while the writer was 
itder contract te the KBraneh fice of 
\ ival Kesenre It represents it ‘ onsiderable 
thbruigement and revision of a paper “'On a Quan 
Met hed Production Planning nna 
Scheduling’ originally presented at the Logisties 
fonterence, George Washington niversits Janu 
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identical experiments. The second edi- 
tion |6| defines scheduling in industry 
by comparing it to scheduling on a rail 
road network, an obvious analogy, but 
not a definition of any operational sig- 
nificance or utility. Innumerable other 
instances of similar analyses and defi- 
nitions are to be found in the litera- 
ture. 

Inasmuch as scheduling is a mathe- 
matical problem of considerable chal- 
lenge, even to the professional mathe- 
matician, the preceding brief survey of 
the literature is not intended as a criti- 
cism of the writers in this field. Rather 
it is a suggestion to the Industrial Engi- 
neering profession that there are large 
potential contributions of the Mathe- 
matics profession to be mae in the 
solution of our industrial problems. of 
which scheduluing is only one. That 
the scheduling problem is a ‘respect- 
able” and formidable challenge to 
mathematic is indicated by E. W. 
Barankin® who states: 

“Among the problems that Econo- 

metrics and Engineering have put to 

»Mathematics, the scheduling prob- 
lem is one of the most interesting 
and challenging. It combines a most 
extensive spread of combinatorial 
considerations with a continuous 
parameter, time, in such a way that 
immediate algebraic intuitions cen- 
tering around groups of permuta- 
tions seem always to fail to help 
toward a solution.” 

Formal solution of these problems 
will make important contributions to 
industrial practice: important among 
these is that we then shall have a basis 
for using electronic computing and data 
handling techniques for their solution 
in much the same manner that our 
colleagues in other branches of engi- 
neering have been able to use these 
techniques in the solution of their for- 
mally defined problems. This paper 
reports one engineer’s attempt to de- 
velop a formal theory of production, 
with particular reference to planning 
and scheduling and with suggestions in 
relation to organization theory and 
communication and managerial deci- 
sion making. 

Notion of Models 

As engineers, we are familiar with 
physical “models” of various systems, 
such as of aircraft, ships, etc.. which 
late Professor of Mathematics. University 
California, Berkeley. 
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we use to determine experimentally the 
behavior of some prototype. Here we 
will be concerned with “Mathematical” 
and “conceptual” models. Such models 
also represent a prototype, but by an 
appropriate mathematical statement, 
i.e., system of equations subject to 
those restrictions imposed in the phe- 
nomenal world. |2,7| By inserting 
appropriate values in the equations of 
the mathematical model we can com- 
pute the response of, or equivalently 
make prediction on the behavior of 
the system represented; similarly, by 
examining a conceptual model under 
given rules of operations, we can pre- 
dict qualitatively the prototype’s be- 
havioral response. A purely mathe- 
matical model is not attempted here 
due to space and other limitations; 
however, the value of the conceptual 
model lies in the frame of reference it 
offers for analyzing and testing rules, 
methods, and procedures in the proto- 
tvpe system in relation to their effi- 
ciency in achieving optimal managerial 
Cecisions in planning and scheduling. 
Assumptions 

The first requirement of a formal 
mo7el is a set of self-consistent axioms 
and postulates and of suitable defini- 
tions of the objects of the system. 
Those presented here are generalized, 
thus permitting a generalized theory 
of production, but with special theories 
obtainable by appropriate simplifica- 
tions for particular conditions. In rela- 
tion to production, define, therefore, 
the following: 

Process—A controlled transfer of en- 
ergy to change the state of a material 
component of a (production) system (es- 
sentially analogous to an operation, but 
used here in a more generalized sense). 

System—The agency for carrying out 
a process (essentially a machine tool with 
operator, power supply, attachments, and 
work piece). 

State of Material—The state of a piece 
of material is defined by its properties 
in time, space, and form (the first two 
are obvious and the latter are essentially 
the usual conventional engineering speci- 
fication of a commodity). 

Commodity—An aggregation of ma- 
terial with specified properties and capa- 
ble, thereby, of participating in some 
process or carrying out some useful func- 
tion. 

Processes included here are the usual 
type, such as fabrication, assembly, set 
up, transportation, storage, chemical, 
as well as a null or idle-time process. 
Mathematically, it will be necessary to 
classify processes also according to 
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“continuous” and “batch” (although 
in reality neither is encountered in its 
pure form). Properties are similarly 
classified, each depending upon the 
processes which generate them. Com- 
modities are Classified here according 
to “in-process,” “desired,” and the null 
commodity, or that produced by the 
null process. (In order to include 
set-up of tools, etc., completely as- 
sembled systems are included in the 
category of “desired” commodities, but 
with zero sales price. ) 

Assume and denote by the following 
the data available to the “manager” (a 
hypothetical organizational intellect) in 
planning and scheduling: 


a. Properties of material by subscript 


Desired by abbrevi- 
F,. i=l. .... 


¢. In-process where 
the name indicates the ith desired 
commodity as it exists at the com- 
pletion of the process generating 
the jth property. (In case se- 
quence of generation of properties 
is not linearly ordered, }' will be 
used to indicate a particular 
“state, 1.e., set of specified prop- 


erties ). 

d. Production systems by subscript 
K . 

ce. Time periods by superscript t 


!. Prices of comodities, u',, where 
u’; is a number indicating the 
price in dollars of the ith com- 
modity during the t'th period of 
time (primes are added if the 
number indicates price of material 
purchased as inputs). 
Opportunity prices [28] or rents 
of production systems, w' where 
any W', is a number indicating 
the price of the k’th system for its 
use in generating the jth property 
during the t'th period of time. 
Expanding the definition of “Com- 
modity’, we now may write the “com- 
modity technology matrix”, (p,;),. in 
which any pj; is a number indicating the 
number of units of the jth property in 
the ith commodity. It is axiomatic in 
relation to these properties that there is 
a technologically determined sequence 
or order in which any sub-set of oe ge 
ties must be generated. For example, i 
is necessary to drill a hole before a. 
ping. Denote this ordering on the set of 
properties, j, by the symbol <. such that 


states that in Producing P,,. property. a. 
must be generated at some time earlier 
than property d, etc. Generation of the 
last property, b. in this subset equiva- 
lently completes the production of the 
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commodity P,. Partial orderings are in- 
dicated by commas between those prop- 
erties which are indifferent as to se- 
quence of generation. 

Expanding the definition of “System”. 
we now may write the “production tech- 
nology matrix” (r), in which any en- 
try, r,, is a number indicating, for con- 
tinuous processes, the number of units 
of time required by the k’th system to 
generate one unit of the jth property. 
or for batch processes, the number of 
units of time required by the k’th sys- 
tem to carry out one process cycle 
which generates the jth property. This 
representation assumes output as a 
linear function of scale and of number 
of times the cycle is carried out, both 
of which are large simplifications of the 
computational problem without any loss 
of accuracy of representation if com- 
pensating assumptions are made in 
definition of a process. In regard to 
production systems, it is axiomatic that 
any production system has a limited 
range of capacities according to its de- 
sign and construction. Define, there- 
fore. the matrix, (cy), in which any 
¢c,, Is a number indicating the dimen- 
sions of the jth restricting property of 
the k’th system. Then for any com- 
modity, i, with properties, j, the com- 
modity can be processed by the system 
if, and only if.c\; < cy. For example, if 
the distance between centers of an en- 
gine lathe is ten inches, the work piece 
can be no longer than that distance. 

The Conceptual Model 

Now we may write the mathematical 
equations of the model. In this model. 
it will be assumed that the “manager” 
solves these equations in such manner 
as to maximize dollar profit, 11 (or in 
the general case some other more gen- 
eral utility function). His solutions are 
expressed through his decision func- 
tions as follows: 

|. Planning, or deciding 

a. What comodities, i, to make. 

b. How many, x, to make of each, 
How to make each of them, 
i.e., using which system, k, for 
each 1 and j. 

2. Scheduling, or deciding 

a. When, or at what time, t, to 
produce each property, j, of 
each quantity, x, of commod- 
ity 1. 

The Gross Income from material 
transactions in any production plan and 
schedule is given by Equation |: 

where © is the gross income in dollars. 
and x’, is the number of units of the ith 
commodity produced (and assumed 
sold) during the t'th production period 
(and correspondingly for purchases in- 
dicated by primes). 


The family of technologically feasible 


schedules is given by Equation 2 


Py Tr Le 


subject to: 

a. selections in x '\, consistent with 
the particular technologically de- 
termined sequence of processing 
for each commodity, 


b. all choices in x'\, satisfying the 


restrictions, Cj, ~ Cy. 
a consistent inven- 


J 
tory policy) 
and where: 


d. TT’, is the number of units of 
time in which ry ts measured 
which afe available during the 
tth production period, 


e. X',, Indicates the number of units 
of the 1th commodity assigned to 
the k’th production system for 
generating the jth property dur- 
ing the t th period of time. 


and 
\x/ re 
« for batch processes 
I(x) for continuous pro- 
cesses, 


and {x} is defined as 
min. n tintergers n nx; andc 
is the restricting property of the 
system, usually volumetric, as ex- 
pressed in multiples of the corres- 
ponding property in the work 
piece. Verbally, {x} may be de- 
fined as the least intergral number 
greater than the ratio | x /. 
The cost of any fabrication is given 
by Equation 3: 

= f( Pi W' ik 


where ' is th ecost of fabrication in 
dollars. The choices, f(x'\,) are the 
same in equations 2 and 3. These 
choices imply some zeroes, i.¢., choos- 
ing not to produce some commodities 
during some or all periods. Inasmuch 
as all processes are real and result in 
increase in entropy, selections in X'\, 
are restricted to non-negative numbers. 

The equations 2 and 3 hoid essen- 
tially only for fabrication types of pro- 
cesses. Processes which involve assem- 
blying several components into an as- 
sembled commodity, whether assembly 
of the usual concept. or of others, such 
as packaging, etc., require a different 
type of function to describe conven- 
iently. In such processes, it is theo- 
retically posstble to assemble a com- 
modity with n component parts in n! 
different sequences. However, usually 
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only one of these sequences ts the low- 
est cost sequence. Such sequence is 
usually determined by “engineering” 
unalysis relating to the technology of 
assembly-' since full enumeration of all 
possible sequence is a practical impos- 
sibility (e.g. 12!=- 479,001,600). In 
turn, the assembly tooling methods are 
laid out to accommodate this selected 
sequence. If, relative to this sequence, 
a particular part is received earlier or 
later than the desired time, it must be 
stored until desired for assembly, it 
must be installed “out-of-position”, or 
it requires storing all of the other ad- 
jacent parts until it is received. Any of 
these alternatives involves a cost in ex- 
cess of the minimum as determined by 
the optimum sequence. A function used 
here to describe this cost in assembly 
relationship is given by Equation 4: 


(Tin Cine ) B, 


Tin Cin ) C, 


e 


where A, is one half the cost in dollars 
of assemblying the ith part in accord- 
ance with the basic sequence; T,,, is that, 
t, at which the n’th unit of the rth part 
is desired in this sequence, t,, is that, t, 
during which the n’th unit of the rth 
part is scheduled to be completed in 


fabrication and available to assembly, 


and B, and C, are empirically deter- 
mined constants selected to generate a 
representative cost of assembly with 
different delivery times of the ith part. 
It should be noted that this represen- 
tation assumes a sort of “static” sched- 
uling; a more realistic, but computa- 
tionally more unmanageable, method 
for certain types of assembly would be 
to consider explicitly all of the feasible 
assembly sequences allowed by the 
various members of the family of fabri- 
cation schedules, since, for example, a 
different fabrication schedule would be 
elected in all probability for minor de- 
pendent parts if a major part is to be 
delayed. This selected function appears 
to be adequate and representative for 
assembly of large commodities by an 
assembly line technique. Others may be 
used for particular situations. 

The net profit (or net utility) real- 
ized from the production plan and 
schedule is given by Equation 5: 


where II, the profit in dollars, is the 
objective function whose maximum is 
sought. 


‘For example. the components of a salt shaker 
cap. shaker. and salt) could be assembled. thee 
retieally in 3'—6 different sequences. However, 
tf i assumed that this analysis leads to the 
“quence: shaker, salt. and cap. Intuitively, of 
wry ether order 'y clearly 
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These equations and choices repre- 
sent the major managerial choices in 
planning and scheduling. The model 
suggests that, if optimal decisions are 
to be made, the equations must be 
solved simultaneously. However as 
mentioned by Barankin, the problems 
of formal solution of a very detailed 
model are now virtually impossible, 
and require further mathematical re- 
search. This may be due to the fact 
that we as Industrial Engineers have 
not conveyed the formal nature of our 
problems adequately to the mathe- 
matics profession for its cooperation 
and contributions. Hence, the rule-of- 
thumb methods discussed in the intro- 
duction are to be expected. However, 
the conceptual model retains its value 
as a basis for examining empirical 
methods for their efficiency in achiev- 
ing optimal decisions. Such examina- 
tion we undertake in the next section. 


Interpretation of the Model 


One of the most striking notions 
emphasized by the model is that the 
assumed: “intellect” (manager) is in 
fact a large “data processing” system 
comprising human, servo, and other 
components. The managerial functions 
can be viewed best as concerned with 
solving certain equations, i.e., making 
certain choices, in order to optimize 
some objective function for the firm 
as a whole. Of immediate interest, also 
in terms of organization theory, is that 
it is possible to use much experience 
in circuit and servo mechanism design 
to evaluate the efficiencies of different 
modes of organization, communication, 
and related methods and procedures. 
That is, any impedance to the flow of 
information which introduces a time- 
lag, any introduction of noise or other 
distortion to the signal, any restriction 
of the information needed for choices, 
any inadequacy in channel capacity. 
or other condition which inhibits in- 
formation processing, restrices the opti- 
mality of the choices in toto which 
can be made for the firm. From this 
perspective, these factors could be 
tested analytically in advance of their 
adoption in any firm by examining 
their effect upon the information pro- 
cessing and decision-making. Simi- 
larly, it is possible to examine questions 
of centralization or decentralization by 
analysing the amount and kind of in- 
formation which must be available to 
the decision maker, the sources of that 
information, and adequacy of various 
available communication systems for 
its transmission, channel capacity of 
the decision maker, etc. Further, the 
concept of span of control would be 
reduced to a problem in_ balancing 
channel capacity necessary to handle 
decisions of varying types with that 
available under different allocations of 
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decision making responsibility. Such 
questions as organizing according to 
product type, functional process, geo- 
graphic location, or other similar basis 
can be reconciled according to these 
criteria. Such techniques of organiza- 
tional analysis, when developed fully. 
will represent a considerable advance- 
ment beyond the present qualitative 
criteria such as is now typical of this 
field. One paper by Simon already has 
appeared which makes use of servo- 
mechanism theory in examining the 
production control function {27}. 
Other theoretical and empirical studies 
are warranted. The work of Wiener 
'33| on servo systems with human 
components is well known. 

Some specific practices are now ex- 
amined in relation to the model and the 
foregoing analysis. One universal diffi- 
culty in manufacturing appears to be 
that of coordinating the engineering de- 
sign (specification of properties) of 
commodities with the shop’s ability to 
produce. It often is found in such situa- 
tions that the designs are unnecessarily 
complex in terms of production require- 
ments, are practically unproducible, or 
require particular productive facilities 
when such facilities are overloaded, but 
others would be satisfactory if designs 
were changed. The essence of the an- 
alysis here indicates that the common 
information which is required between 
the design and production engineering 
departments is the abilities and cost of 
production facilities to generate the 
various “properties” which may be 
specified. Ordinarily these data are re- 
corded now on a very informal and 
often haphazard basis, and seldom 
made available on a systematic basis to 
the design department, such that many 
designs are not consistent with shop 
abilities and production costs. A more 
systematic enumeration of the matrices 
(Cy) and would permit de- 
sign engineering, in fact, to do a more 
adequate job than is now being done 
with respect to productibility. Sample 
studies have indicated that such data 
are not unduly difficult to compile, and 
are in fact quite informative to the pro- 
duction department itself in increasing 
the flexibility and level of loading of the 
shop, quality of output, etc. 

The function of process planning 
(routing, job order writing or other 
equivalent term) also can be oriented 
in the light of the concepts presented 
here. For example, the manufacturing 
outline in the usual form contains only 
one method of processing for each 
operation, when particularly, in job 
shops, there are many alternatives. This 
practice can be shown in relation to the 
model to restrict the scheduler to a 
much smaller set of solutioms to the 
equations, and results, therefore. in 
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many instances in a restriction in the 
output and profitability of the firm. 
This gives rise to the problem often re- 
ferred to as “rerouting”. From the per- 


spective of the model, it is seen, in fact. tion. This usually specifies an under- tion, it will become necessary to re- 
to be a problem in which the data (rj, ) load factor of 30 percent. If we schedule more frequently in order to 
are recorded originally and of the find by experience that this is too solve for the optima under the chang- 
method of communication between the high or too low, we adjust the allow- "8 conditions in the shop. In order to 
planner, the schedule, and the shop. ance accordingly.” make such rescheduling effective, it is} 


Some firms have recognized this prob- 
_lem for what it is and have taken steps 

to include in the route sheet alternative 
production methods particularly for 
operations in which “bottlenecks” are 
expected. The preparation of these data 
in advance of actual delays permits 
more expeditious rescheduling with im- 
provements in deliveries and leve's of 
machine loading. 

The Gantt chart, in one form or 
another, is now one of the best methods 
of detail scheduling of operations. In 
view of the combinatorial analysis it 
involves |23], it is possible to see 
quite readily the reason that scheduling 
is described as “fitting operations into 
a logical timetable.” Equations 2 are, 
in fact, algebraic expressions of the 
Gantt chart, but with the explicit inte- 
gration of the chart and its analyses 
directly into the totality of the firm's 
decision making function. Although 
such integration is accomplished intui- 
tively and approximately by the Gantt 
chart technique, it seldom is  suffi- 
ciently explicit to make its full impact 
on the managerial decision making 
function. If numerical values were ob- 
tained, as with the use of the model. 
the frequent errors and conflicts of in- 
tuition and judgment would be replaced 
by explicit evaluation or determination 
of the pertinent constants in the equa- 
tions and solution for the maximum 
value of the objective function. 

The large scale use of the Gantt 
chart technique often is found to be 
unmanageable. This is due in large 
part to the probabilistic nature of the 
time standards which are used in its 
construction. That is. time study en- 
gineers now generally select some “rep- 
resentative” value (average, median. 
or other) |4| for any particular opera- 
tion they have studied, but do not at- 
tempt to generate the statistical para- 
meters which describe such other prop- 
tries as the variability, reliability, ete.. 
of the data. This is true not only of 
conventional time studies such as are 
made in the shop, but also true of ele- 
mental-motion-time data systems (for 
example. in all of | &7! there ts no sta- 
listical analysts apparent of any of the 
original data or the standards devel- 


methods of shop loading as | 20). 
“Shop loading is carried out at 

our plant by estimating the ‘un- 

known’ variables affecting produc- 


It is clear that such typical methods 
are the crudest form of statistical analy- 
sis of the variability of the production- 
rate function, and do not permit of 
statistically well defined estimates nor 
of adequate analyses of causes of vari- 
ation from expected values, (for ex- 
ample, as is the usual practice in re- 
vard now to statistical analyses in qual- 
ity control). In order to develop more 
adequate methods of realistic (stochas- 
tic) scheduling, studies are underway 
at the University of California, Indus- 
trial Logistics Research Project to de- 
termine experimental methods of meas- 
uring rapidly the necessary statistical 
parameters and to develop methods of 
scheduling based upon the use of such 
parameters. For the former purpose, 
a chronocorder designed by R. G. Can- 
ning® and being built will pick up and 
“remember” all selected motion-time 
values in one cycle of an operation, 
punch these values directly into an 
IBM card at the end of the cycle and 
then proceed similarly with subsequent 
cycles. It is to be accompanied in op- 
eration by physiological energy con- 
version measuring devices, for a more 
logical basis for pace rating, such as 
suggested by Gomberg {12}. By this 
method of experiment and data record- 
ing, it will be possible to proceed di- 
rectly from the experiment to the analy- 
sis of the data, without intervention of 
the time consuming procedure of micro- 
motion film analysis. This technique ts 
expected to yield data on variability 
of time standards and on ratings useful 
to stochastic scheduling theory and 
practice. A considerable beginning was 
made in the direction of developing 
such data by Abruzzi |1| who first 
applied modern statistical methods of 
analysis to production-rate measure- 
ment. One possible method of sto- 
chastic scheduling would be the use 
of a Monte Carlo technique | 30, 24): 
such would permit) incorporation of 
micro as well as macro variables in the 
production-rate function. 

Ihe frequency of perturbation in a 
schedule is an important parameter also 
in the determination of the degree of 
centralization of scheduling that may 
be achieved. That ts, if standards are 


of maintenance and tooling is loose. 
or other factors exist which contribute 
either to an earlier or later than pre- 
dicted completion of a scheduled opera- 


necessary to have certain information 
available to the person responsible for 
such rescheduling, (such as that sug- 
gested by this model) as well as allow 
him some time in which to make the 
necessary revisions. Where the number 
of lots of work-in-process is large 
and the frequency of the perturbation 
great, it is impossible, using presently 
available facilities and techniques, to 
transmit and process the necessary data 
to so centralize scheduling. Under such 
circumstances various techniques are 
used, of which the more frequent are 
priority systems and expediters. In the 
original article |23)|, a sample situation 
was shown in which a priority system 
forces a solution to the equations which 
is less than optimum. In addition, 
priorities are not quantitatively related 
to “capacity to produce” or to a quan- 
titative measure of profitability, and 
hence, are further defective. 

Common sense often requires abro- 
gation of priority rules in order to 
achieve an obvious economy in pro- 
duction. However, the persons ordi- 
narily making such abrogation, the 
foremen or expediters, often are inade- 
quately informed or are motivated by 
incomplete objectives, such that their 
authority to make such a tjustments 
leads to further inefficiencies. From 
one perspective, priorities Operate as a 
market mechanism | 25)", but the lack 
of restraint on adding commodities or 
piece parts to higher priority classes 
usually results in an inflation in these 
classes and a deflation in the value 
which the priority claims represent. 
such that they become increasingly in- 
effective and new classes must be 
added on top of the existing structure. 
This increases the uncertainty of the 
real meaning of their value and tends 
to reduce further their eflectiveness as 
an allocator of productive time. 

Ihe logic of centralization can be 
shown by likening scheduling to a game 
of strategy |32) which the firm plays 
against nature. Inasmuch as decen 
tralization permits selection of strate 
gies by individuals with less than com 
rlete knowledge of the strategies avail 
able. joint determination of the strates, 
by these individuals would be necessary 


to achieve the ‘optimum, especiall 
oped on them). I his incompleteness poorly set. work methods and condi- 
in time study practices, together with fons ure poorly standardized. control 
the lack of a method of stochastic | HW. AL Simon, Carnegie Inet 


scheduliny 16. now results in \ t Resear 
such almost universal | (Continued on Pave 21) 
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Evaluation in a Program to Promote Rating Ability 


\ssectate Professor of Industrial Engineering 


Most of the techniques of making 
a time study are relatively easy to 
master. One that is never easy to mas- 
ter is the technique of rating, or com- 
paring the speed and efficiency of the 
operator being timed with the speed 
and efficiency of an operator working 
at so-called “normal” pace. This paper 
deals with a technique for training time 
study men to become more proficient 
in their rating ability and especially to 
evaluate the results of that technique. 

What is involved in the problem of 
rating? First, we must define what we 
mean by normal pace—and here we 
run head on into one of our major 
difficulties—for a completely satisfac- 
tory definition of normal pace has yet 
to be offered. Many attempts have been 
made—for example. in an otherwise 
excellent film, the Associated Amert- 
can Consultants offer this: “Normal 
pace can be recognized as being neither 
immoderately fast nor immoderately 
slow.” Obviously that substitutes the 
unknown “immoderate” for the un- 
known “Normal” and defines a point 
on a scale simply as being the area 
between two immeasurables. Other 
definitions are equally vague. Typical 
are: 
“The Normal operator is one qualify- 
ing in skill and exerting the effort con- 
sidered normal for the basic rate of com- 
pensation.” 

“The Normal represents an unstimu- 
lated rate of production or effort that 
should be expected from a fully qualified 
operator. The fully qualified operator, 
being considered as one who has been 
working on a job long enough to know 
it thoroughly and who possesses normal 
intelligence with enough education to per- 
form satisfactorily the work assigned to 
him.” 

“Normal Pace is that pace which is 
equivalent to walking on the level at 3 
miles per hour.” 

“A person dealing a deck of cards into 
four equal piles in 0.50 minutes is often 
considered to be exhibiting normal pace.” 

Ihe last two represent attempts to 
be more specific. These are better, 
but how do you compare the pace of 
a drill press operator—or a man shovel- 
ing sand in a foundry—or a girl as- 
Definition used by Singer Sewing Machine Com 
pansy 

Northeecn New Jersey Chapter, Society for the 
\dvancement of Management, ‘‘A Progress Re 
pert on thes@lating of Time Studies.’" reprinted 
from ‘Industrial Engineer.”” April 1943, p. 1. 
Ralph Presgrove. ‘‘Dynamies of Time Study,."’ 
tna ed Metiraw Book Co. In New York, 


‘nh. M. Barnes, ‘‘Motion and Time Study,’’ 3rd 
ed., John Wiley & Sons, New York, 1949. 
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in Time Study Work 
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PERFORMANCE RATING SHEET 
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systematic 


ABSOLUTE ERROR = 36 


MEAN DEVIATION =O 


Fig. 1—Typical form used in evaluating performance rating training. 


sembling nuts and bolts—to the pace 
of a man walking or dealing cards? 
Indeed, if we could readily arrive 
at a numerical value for the time per 
piece while working at normal pace, 
we would be wasting oug time and effort 
in making a time study. Actually, we 
can, by means of motion picture analy- 
sis, arrive at normal times for some 
portions of most jobs and we can judge 
to some degree whether or not an 
operator who exhibits normal pace on 
these portions works at about the same 
relative pace on the remaining portions 
of the job. This is time consuming and 
expensive — but it has been found 
worthwhile to obtain pictures exhibit- 
ing normal pace on a number of typical 
cal jobs in a given plant.” Having these, 
we can make and accurately rate pic- 
tures of operators working at other than 
normal pace on the same jobs. With 
these pictures, plus a variable speed 
projector, we can train groups of men 
in the technique of rating by simply 
asking them to rate a number of these 
pictures at intervals, comparing their 
results with the correct ratings, and 
continuing this procedure until a satis- 


“A technique for developing such secondary 
standards based on simultaneous. variable speed. 
motion pietures projection ts being investigated 
at Syracuse University and shows considerable 
promise. We hope to publish a progress report 
on this soon 
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factory degree of skill has been ob- 
tained. While this technique is not new, 
it is, unfortunately, far too infrequently 
practiced. This may be in part due 
to the fact that, to date, no satisfactory 
method of evaluating the results of such 
training has been proposed. 

he only known suggestions for 
numerically evaluating the rating ability 
of trainees are similar to those first 
proposed by Barnes." He proposed 
that, for each reading, the trainee cal- 
culate his deviation from the true read- 
ing, and then for each series of read- 
ings, calculate his Systematic Error,’ 
his Absolute Error,* and his Mean 
Deviation.” Systematic error is said to 
“indicate how much too high or too 
low a person rates on the average’’’®; 
Absolute error, the average error made 
(without regard to sign); and Mean 
Deviation is “an indication of the vari- 
ability of the ratings of each person.””! 
A form (see figure |) is recommended 
for recording and summarizing the re- 
sults of each run. Unfortunately, the 


*Rarnes, op. cit 

"Systematic error is defined as ‘‘the algebraic 
means of the error made’ 

“\bsolute error is defined as ‘‘the average devia- 
tion of the ratings from the actual ratings.’’™ 
"Mean Deviation is defined as ‘‘the average devia- 
tion of the ratings of each person from his own 
mean or systematic error.’’'® 

M. Barnes, ‘‘Work Measurement Manual,"’ 
Wm. CC. Brown Co., Dubuque, Iowa, 1945. 
Mibid, 
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statistics yielded by these calculations 
tell little of the true nature of the errors 


made, nor of the steps to be taken to 
produce improvement—nor do they in- 
dicate the degree of improvement made 
in subsequent runs. As an extreme 
example, note that the same value is 
obtained for each paramater for each 
of the runs illustrated in Fig. | for 
points 1-5 and points | 1-15—although 
the values are due to diametrically 
opposite results. In one case the rater 
saw no variation when the actual varia- 
tion was great; in the other, be saw 
wide variation when there was none. 
This example is obviously carefully se- 
lected, and is not typical of actual 
rating results—but in any event it Is 
impossible to state, for example. 
whether or not scores of systematic 
error of 5, absolute error of 10, and 
mean deviation of 7 represent improve- 
ment over scores of systematic error 
of 2, absolute error of 15, and mean 
deviation of 10. Nor do these figures 
give the rater an indication of what 
the rater should do to improve. 

Other sciences have long since dis- 
carded these statistics—it is difficult 
to find them used elsewhere since the 
first world war. Since implicit in them 
is the assumption that the trend line 
is parallel to the true rating line—an 
assumption which is generally false— 
they tell us little, and are therefore 
largely a waste of computational time. 
But how can they be improved? And 
still be useful in the shop? The statis- 
tician would have a ready answer to 
the first question. Plot the observed 
rating against the true rating, calculate, 
by the method of least squares, the 
slope of the line of regression and its 
Y-intercept, and then the confidence 
limits about the regression line. The 
first two numbers will completely de- 
scribe the rater’s trend and the last 
the degree of consistency with which 
he followed that trend. Such a series 
of calculations do not, however, satisfy 
the second criterion. They are imprac- 
tical for shop use—the average time 
study practitioner neither understands 
nor has the time to make them. They 
represent a step in the right direction— 
but they must be simplified to be prac- 
tical. 

An obvious step in this direction 
would be to draw the line that best 
fits the plotted points by inspection. 
Some accuracy will be lost—-but very 
little, and much time will be saved. 
And accuracy is of no value unless it 
is to be used. Here we want only the 
general trend—to help us in the future. 

Unfortunately, when we come to cal- 
culate the standard deviation, we are 
still in difficulties. We must either scale 
off each distance from our plotted line. 


PERFORMANCE RATING FORM 
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Fig. 2—Proposed form for the evalution of performance rating training. 


point, both of which are tedious. 

We give up this calculation with re- 
luctance, however—for the answer is 
very meaningful. It can predict, within 
reasonable certainty, just how wide a 
variation the rater will have from his 
usual trend—surely valuable informa- 
tion. For example, we know that he will 
almost always rate within +2 Standard 
Deviations of this trend line. We are 
confident that as the Standard Deviation 
calculated from successive trials comes 
down, he is rating more consistently. 

But wait—perhaps this leads us to 
a better answer. We are not interested 
sO much in a man’s consistency as we 
are in his accuracy. Why not compute 
the root mean square of his errors 
from the true line rather than his trend 
line? Would it not be even more mean- 
ingful? And the calculations can be, 
as we shall shortly see, semo-automatic. 
But in what units should our error be? 
In percentage points found by sub- 
tracting True Rating from Observer's 
Rating? Experimental evidence'? shows 
that this goes up (or down) with actual 
speed—that a larger error is probable 
at very high speed than at normal. 
The converse of this—that the rating 
error becomes lower at lower than nor- 
mal speeds is not also true; but we 
seldom, in practice, operate in this 
range. All things considered, it appears 
that the most meaningful figures are 
in percent error in rating. This might 
be defined as the ratio of the error 
(with sign considered) to the true 


rating. 

Our final proposal, then, is to make 
up a work sheet as shown on Fig. 2. 
The trainee would be asked to draw 
in his trend line. This would give him 
the information needed to correct the 
trend of his errors. Then he would 
count the number of points in each 
band, multiply the number found in 
each band by the indicated constant, 
totalize the products, and extract the 
square root of this total. This gives 
a function of the root-mean-square of 
the rating errors, which we define as 
the rating accuracy index. 

Let us examine the function briefly. 
Since 10 readings are used and the 
width of each band is 4 percentage 
points, the rating accuracy index will 
be *4 of the estimated standard devia- 
tion of an infinite population of similar 
readings, provided that the mean of 
this population has an error Of zero. 
This would, of course, be true if the 
trend line coincided with the zero error 
line. If this were the case, and if the 
errors were distributed normally, we 
could state that, in the long run, about 
50‘. of the errors (in percent of true 
rating) made by the rater would be 
within the rating accuracy index—or 
that about 98‘ of all ratings would 
have an error (in percent of true 
rating) that would be less than three 
times the rating accuracy index. 

If the trend line does not coincide 
with the zero line, we know, from the 
theory of the least squares, that the 
rating accuracy index will be greater 
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STATISTICS TIME STUDY 


By Dr. Robert N. Lehrer and Dr. Joseph J. Moder 


School of Industrial Engmneermng. Georgia Institute of Technology, based on a paper presented to the Industrial Engineering Division of the 


\merican Society for Engineering Education. 


There is considerable difference of 
opinion among time study men and 
Industrial Engineers concerning the 
correct procedures for obtaining a 
“representative” time value for time 
study purposes. There seems to be 
three main schools of thought: 

|. The “strength in numbers” school 

2. The “selection of the correct 

value” school 

3. The “statistical analysis” school 

The “strength in numbers” school 
has two main options. One group ob- 
serves a given number of cycles (maybe 
10. or maybe 15) for most all situa- 
tions. They place great faith in an 
arbitrary number that has no relation 
to the actual time study situation. 
These individuals would be quite aston- 
ished to know the average error of 
some of their observed times. 

The second group of the “strength 
in numbers” school places the decision 
of adequacy with the observer. He 


- must judge when a representative num- 


ber of observations has been obtained. 
he observer intuitively analyzes the 
time values as the study proceeds. 
Some observers can do a good job by 
this procedure, but we should be reluc- 
tant to place much faith in data ob- 
tained in this fashion. 

Both of the “strength in numbers” 
procedures give results of doubtful re- 
liability. The procedures lack objec- 
tivity. There is no balance between 
obtaining sufficient time values but no 
more than actually needed to obtain 
reliable data. 

The “selection of the correct value” 
school also has several options. The 
first group selects a “good” or “repre- 
sentative” time value and disregards 
all other times. This is done in an 
entirely subjective fashion. The second 
group selects time values that result 
when the observed performance corre- 
sponds to a pre-determined level of 
performance. There seems to be little 
support for the first procedure. The 
second procedure ay utility 
when the observed performance is ex- 
tremely variable. Both have serious 
limitations, particularly in view of the 
probable error of .0OS minutes asso- 
ciated with individual stop watch read- 
ings.! 

The “statistical analysis” school 1s 
a relatively new approach that is gain- 
ing support rapidly, but it has the dis- 
See Lehrer, R. N.. ‘‘How Accurate Ix The Stop 
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advantage of being only a check on the 


adequacy of observation after the ob- 
servations have been obtained. The 
observations are analyzed by statistical 
methods to determine reliability, and 
if the values are not satisfactory then 
additional observations must be ob- 
tained. The analysis can be made with 
theory based on the normal distribu- 
tion, or based on “student t” distribu- 
tion. The variability of the observed 
times can be used to estimate the num- 
ber of additional observations required 
for a given reliability. This, of course, 
assumes that variability of the initial 
observations is a true indication of the 


Annual Convention, 1952 


variability of the succeeding observa- 
toins, which may not be so. 
Statistical analysis allows control of 
the observation error, but it is a bother- 
some procedure. It provides an ex- 
cellent means of training the analytical 
ability of time study observers but it 
does not allow optimum utilization of 
observation time, for there is no bal- 
ance between obtaining sufficient but 
not excessive observations to assure 
reliability. 
Causes of Variability of Observed 


Time Values 


The variability of observed times 
within a time study can be due to 


| | 
| | | | 
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Fig. 1—Minimum number of cycles to be observed to obtain accurate 
average element times. 
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chance variability or assignable varia- 
bility. The assignable variability should 
be eliminated from the study by noting 
the occurrence of causative acts or cir- 
cumstances such as malfunctioning of 


the stop watch, an observable change 
in job method, an observable change 
in product quality, missing a watch 
reading, an obvious change in operator 
performance, etc. 

The chance variability may be caused 
by either timing variation, or timed 
variation. The timing variation is due 
to the characteristics of the timing in- 
strument and the individual using the 
timing device. The timed variation 1s 
due to a host of chance happenings 
in observed performance. Each of 
these chance happenings is so minor 
by itself that it is accepted as normal 
and often is not even detected. These 
may arise from fortuitous variation in 
the methods, materials, equipment per- 
formance, tools, workplace layout, 
operator actions, etc. 


Prediction of Reliable Time Values 


From previous studies,’ the typical 
timing variation for both continuous 
and snap-back methods of using the 
decimal-minute stop watch has been 
found to have a standard deviation of 
approximately 0.008 minutes. This 
standard deviation can be used to pre- 
dict the minimum number of cycles 
to be timed to obtain any prescribed 
degree of confidence and accuracy in 
the average of the cycles timed. In 
effect, we can assume that the number 
of cycles that must be timed in order 
to control the timing variation will be 
the minimum number of cycles that 
must be timed. Additional observa- 
tions are required to control the timed 
variation. 

The predictions for the “Minimum 
Number of Cycles to be Observed to 
Obtain Accurate Average Element 
Times” are presented graphically in 
Figure |. The curves allow a time 
study man to determine the minimum 
number of cycles he needs to observe 
in order to control the variation “built- 
into” the watch and the use of: the 
watch. He must decide what level of 
accuracy is desired, and the approxi- 
mate time of the shortest element in 
the job. He can then observe sufficient 
cycles to have confidence in the control 
of the timing error. 


The predictions presented in Figure 
| are based on the normal distribution 


since X’s for samples of 4 or more 
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Fig. 2—-Suggested number of cycles to be observed to obtain accurate 
average element times. 


based on the sample average, the con- 
ventional expression for the normal z 
can be solved for n, the sample size 
which will give a specified degree of 
confidence that the error in the esti- 
mate of the mean will not exceed a 
specified percentage.” We have chosen 
the usual confidence level of 957 and 
have solved this expression for n for 
values of 1.0, 2.5, 5.0, and 10.0°% 
error. 

An equivalent average error in ‘; 
has been calculated for these same 
curves." The average error or mean 
deviation, as a measure of variation, 
although inefficient and difficult to 
handle mathematically, is well under- 
stood by most engineers. 


_ In the preceding discussion we have 
ignored the timed variation and have 
established the number of cycles that 
must be timed in order to control the 
timing variation. The values obtained 
from the curves of Figure | indicate 
the minimum number of cycles to be 
Observed. In actual practice the timed 
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n rves in Figures | and 2, the A.F. 
distributed. If the percentage error is . constant and is given by the os tq 
P. “**The Nature of Stop Watch (2) — (100) 
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variation must also be controlled. The 
timed variation will depend upon the 
job conditions and the operator per- 
formance, and will vary from study to 
study. A research project is now being 
initiated at Georgia Tech to investigate 
the nature of this type of variation for 
a large variety of job situations. As 
a first approach, it is reasonable to as- 
sume that the timed variation is of ap- 
proximately the same magniture as the 
timing variation. Based on this as- 
sumption, the total variation in a series 
of elemental observations will have a 
standard deviation of 0.0113 minutes.* 

A series of curves, similar to Figure 
|, based on the standard deviation of 
the combined timing variation and 
timed variation have been computed 
and are presented in Figure 2 “Sug- 
vested Number of Cycles to be Ob- 
served to Obtain Accurate Average 
Element Times.” These curves allow 
a time study observer to determine 
the approximate number of cycles 
he needs to observe in order to con- 
trol both the timing variation and the 
timed variation. The observer must 
decide what level of accuracy is re- 
quired and approximate the time of 
the shortest element in the study. He 
then can determine, by reference to 
the appropriate curve, the number of 
cycles he should observe in order to 
obtain accurate average times. 


Conclusions 


The curves suggested as tools for 
the practicing Time Study man should 
be used with full recognition of the 
inherent limitations due to the assump- 
tions that were made in their develop- 
ment. If the built-in assumptions are 
not justifiable in a particular plant situ- 
ation—then the curves should not be 
used without modification. Appropriate 
curves can be constructed to suit the 
specific conditions of individual 
plant or situation. 

Some of the assumptions that were 
made in the development of the pro- 
posed curves are: 


7 Where K‘; =the error which will be ex- 
ceeded a specified percent of the time in 
the long run. 


100 
x Va= ————. 
and A.E. % = (K%) OSK 


100 Z 


For example, if K=10°; and Z=2, cor- 
responding to 95‘; confidence, then 


BXx10 = 6.0% 
> 


OO82 + .0O82 = .0113 Min. 
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1. Detectable variations in timed vari- 
ation will not be included in the time 
study computations. 

2. Detectable variation in the timing 
variation will not be included in the time 
study computations. 

3. The values for tinting variation are 
based on an investigation conducted by 
Lazarus. Although this seems to be an 
excellent research, the data cannot be 
assumed to be absolutely correct. 

4. The Lazarus data groups the per- 
formance in timing into average results. 
In some situations it may be desirable 
to have curves for individual Time Study 
men based on their individual facility in 
stop watch use. 

5. The assumption of timed variation 
being equal to timing variation may not 
be absolutely correct. There is strong 
evidence to indicate that timed variation 
may be a function of the characteristics 
of the work being performed, the oper- 
ator being observed, and the organiza- 
tion where the work and observation 
takes place. 

In using the curves presented in this 
paper, additional basic decisions must 
be made. These decisions have to do 
with selection of the appropriate curves 
for the individual situation. Desirable 
or acceptable error values must be 
agreed upon, based on the 95‘7 level 
of confidence that was used in the de- 
velopment of the curves. 

The material presented has been pre- 
sented in the spirit of helping us do a 
better job of our time study work by 
outlining a procedure that guides us in 
determining when we can expect to 
obtain reliable time study data. This 
is Only one of the many problems of 
developing better time study results. 
The curves and the procedure used 
to develop them are tools. They must 
be used within their limitations and 
only when the inherent assumptions 
can be justified. If the proposed curves 
are not suitable for your situation, then 
develop your own along the general 
lines that were presented. 


Comments 
By John R. Huffman 


\ssectate Professor of Industrial Engineering. 
Lniversity of Southern California 
While | am very much in favor of 
research to develop rigorous, quanti- 
tative techniques for industrial engi- 
neering, | believe we should use re- 
search results with extreme care. 
First of all consider the expression: 


If IS O8 (0) minutes, completely 
eliminating it will affect some assumed 
aS follows: 


Assumed Contes Per Cent 
Values Of If runing IS Reduction 
(Cr iming — .0O8 ) eliminated in Total 


0200 
O113 0080 30— 
.0100 43— 
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This table demonstrates the extreme 
importance Of KNOWING OF 
and therefore the importance of the 
further research mentioned by Drs. 
Lehrer and Moder. 

Assuming — as Drs. Lehrer and 


Moder do — ue CONSIder 
the .0O8(0) minute valve for ¢ jin. and 
the experiment on which it is based. In 
the experiment, %jn.«0—i.e., the varia- 
bility in element time due to the opera- 
tor—was absent; the element break 
points were quite clear—a flash of light 
or a buzz; all watches were checked 
just prior to use; and finally the labora- 
tory conditions of the experiment prac- 
tically eliminated any watch reading 
distractions. The experiment showed 
that, even under such ideal conditions, 
the individual observations made by 
many observers on elements of any 
length will be distributed as follows: 

a. 67+% within + .008 minutes of 

the element time 

b. 95+% within + .016 minutes of 

the element time 

c. 99+% within + .024 minutes of 

the element time 
Notre: Element time must be ac- 
curate to four places. 

In the extreme case of a .0500 min- 
ute element, the 95% and 99% con- 
fidence limits for individual observa- 
tions would be .034 to .066 and .026 
to .074 minutes respectively. Or effec- 
tively the observations will include 
values of .03 and .07 when the actual 
element time is unchanged from cycle 
to cycle at .OSOO minutes. Intuitively 
this seems improbable for dn element 
of constant length with a definite break 
point; some check on intuition is pro- 
vided by the sigma for automobile 
braking reaction time—.0013 or .0016 
minutes’. 

Are there any possible reasons for 
the magnitude of ¢,,,,,;,.? Yes, it is made 
up of two components (under the con- 
ditions of the experiment): (a) the 
variability of element mean times from 
observer to observer (¢x-na4») and (b) 
the variability of the individual times 
recorded by an observer (70). Then for 
a group of time study men: 


Ftiming — \ ox BALK 
Obviously there are three very differ- 
ent possible combinations of ¢o and 
7x-nan. In the first of these 70 must be 
constant and small in comparison to 
¢x-nan- This hypothesis is based on the 
two well known techniques of reading 
a time recording instrument with a 
moving hand: 


"Lazarus. I. P Nature of Stop Watch 
Errors Among Experienced Industrial Engi 
neers.’" Master of Science in Industrial Engi 
neering Thesis, Purdue University, 1950 

“ireenshields. B. C.. ‘‘Reaction Time in Automo 


bile Driving.’’ J. appl. Psych., 1936, 20. 353-54 
(Based on 429 people.) 


(Continued on Page 25) 
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Mathemaitcal Aspects of Work-Factor Allowances for 


Simultaneous Standard Elements of Work 


Business Manager, The WORK- FACTOR Company, 


It is the purpose of this paper to 
discuss the technical and mathematical 
aspects of the changes in time when 
motions or elements of work are per- 
formed simultaneously by the right and 
left hands. 

_ This consideration has been a sub- 
ject of much discussion in the indus- 
trial engineering field for years. When 
the original WORK-FACTOR research 
had reached the stage of deciding 
how simultaneous elements should be 
treated, it was found that the informa- 
tion already available in technical liter- 
ature was inconclusive. Consequently, 
the available data was supplemented 
by continued WORK-FACTOR 
search. 

The first step was to review all pre- 
vious motion-time measurements and 
to segregate all observations and re- 
sulting evaluations into four classes: 

Time for motions made by right 

hand, left hand idle. 

Time for motions made by left 

hand, right hand idle. 

Time for motions made by right 

hand, left hand moving. 

Time for motions made by left 

hand, right hand moving. 

Since most of the previous observa- 
tions had been made on actual factory 
operations, it was found they were 
divided in number. About 57% of the 
observations were for the right hand 
and 43% for the left hand. Approxi- 
mately 69‘~ had been made when both 
hands were in motion. 

Tabulation by the four categories 
showed that the motion-times for each 
were identical with the others. This 
was an unexpected result. Since it had 
already been reasonably well estab- 
lished that simultaneous right and left 
hand operations actually require greater 
time than do non-simultaneous mo- 
tions, it was obviously necessary to 
conduct a special investigation to recon- 
cile or correct the two findings. 

This was one of the types of problem 
which required laboratory rather than 
factory investigation. Over 40 types 
of separate experiments were con- 
ducted. Some of the significant results 
are worth outlining. 

Basic Findings 

One of the earliest conclusions was 
that “individual motions” behaved dif- 
ferently than do “elements of work,” 
i.e., sequences of motions which form 
therbligs or WORK-FACTOR stand- 
ard elements. This is an important 
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By Dickey Dyer 


distinction and should be kept in mind 
throughout the following discussion. 


1. For practical time-study pur- 
poses, it was found that the time for 
right hand motions is essentially the 
same as for left hand motions. (From 
a technical standpoint, we should speak 
of “preferred hand” and “non-pre- 
ferred hand.” ) 

This result was somewhat different 
from that of others who, at about the 
same period, had made comparisons 
between movements made by the “‘pre- 
ferred” and “non-preferred.” 

In recent years the WORK-FAC- 
TOR findings have been substantiated 
by others. About 1945 to 1947, the 
Applied Psychology Laboratory of 
The Johns Hopkins University was 
making observations on motion-times 
as part of special Air Force contracts. 
The findings are reported in “Applied 
Experimental Psychology” by Chapanis 
who states that . . . time for motions 
made by the preferred hand do not 
seem to prove much different from 
that for motions made by the non- 
preferred hand. In fact, there is some 
evidence to indicate that the non-pre- 
ferred hand moves faster than the pre- 
ferred hand. 

In May, 1951, the University of 
Wisconsin reported research showing 
that right hand operators moved both 
hands at about the same speed. They 
found that left handed persons could 
move their favored hand faster than 
their right hand. 

2. Original WORK-FACTOR study 
also showed that individual motion- 
times are not essentially different when 
performed by one hand with the other 
idle or when performed with both 
hands in motion. 

For four place timestudy accuracy, 
it was found that there was no appre- 
ciable difference between single and 
simultaneous motions when: 

a. The hands were moving toward or 
away from one another in a right- 
left symmetrical pattern. 

b. The hands were moving in the 
same direction away from or to- 
ward the body. 

A slight increase was apparent when 
the hands moved in opposite directions 
away from and toward the body, but 
again the increase was too small to re- 
quire any special addition to WORK- 
FACTOR select time. 

3. When sequences of motions 
rather than individual motions were 


as presented to the American Institute of Industrial Engineers, National Convention, 1451 


studied, an obvious and substantial in- 
crease was found for simultaneous ele- 
ments. Depending upon the specific 
conditions, this increase ranged from 
to and more. It was great- 
est where the sequence involved the 
most complicated sequences — espe- 
cially complex grasps from random 
piles and complicated assemblies. 

At first this seemed contrary to the 
conclusion that individual motions 
could be made equally fast with one 
hand or with both. In other words, 
“How could the total time be greater 
than the sum of all of the individual 
parts?” 

Re-evaluation of the data soon re- 
vealed that a portion of the answer 
rested on the fact that a set of motions, 
when performed simultaneously, were 
considerably different than when per- 
formed individually. 

In other words, when a sequence of 
motions was changed from a single 
hand job to a two hand job, many 
physical characteristics changed so that 
a new motion pattern was involved. 
Usually, this new pattern required 
more time than the single handed pat- 
tern. 

4. Comparative analyses showed 
that the following measurable changes 
could take place in simultaneous oper- 
ations: 

a. Moving distances could increase 
in order for hands to perform 
motions without collisions with 
each other. 

b. Some actions could not actually 
be performed simultaneously be- 
cause of physical or visual re- 
strictions. 

c. The number of fumbling, separat- 
ing and aligning motions usually 
increased because of the division 
of vision and attention. 

All of these characteristics were ob- 
servable and measurable in terms of 
WORK-FACTOR tables and rules. In 
most cases, they accounted for a sub- 
stantial portion of the time difference 
between the single and simultaneous 
sequences. For example, consider the 


following simple operation: 
Single hand sequence (right hand only picks 
up and assembies switch to slot) 


1. Reach to switches__ .A10D 61 units 
2. Grasp switch (%”S. 

3. Move switch to inpection 

A10D 61 
4. Inspect switch for polar- 

5. Pre-position switch end 

for end_. 24 
6. Move switch to mounting 
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7. Assemble switch to slot 


(.5°T— OR) Table 7 
Index (a part of #7) Als 26 
; Release switch 1. Fl 
Total Select Time os60 Min. 
Simultaneous sequence (right and left hands each 
pick up and assemble switches to slots) 
Keach to switehes 61 units 
Grasp switches * 
Solid Blind) Table 
Move switches to inspec 
tion point Alob 61 
4. Inspect Ist switeh for 
polarity mark Fo. 1Pt 50 
Inspect 2nd switch for 
polarity mark’ Fo 4 1Pt 
i. Pre-position Ist switeh 
end for end .Simot > 
7. Preposition switch end 
for end... 
*. Move stitches to mount 
ing slots i! 
" \ssemble switches to 
slots—6" apart* 
TD) Table 
Index (a part of #9) Als 


Total Select Time 0427 Min 


*Actual changes in motions due to simultaneous 
action but not including ‘‘Simo Allowance.’’ 
In this simple operation, the recog- 
nizable increases amount to (.0427— 
360) or .0067 minutes. This is an 
increase of about 18.6‘¢. 

5. Such recognizable increases in 
work did not always account for the 
actual increase in time. The discrep- 
ancy seemed to increase in proportion 
to the complexity of the sequence, 
especially where there was a large 
number of grasps from random piles, 
pre-positions or assemblies. 

The exact reason for this discrepancy 
remained a mystery for many months 
until it was accidentally noted that the 
greatest discrepancies occurred where 
the sequences involved motion patterns 
which varied from cycle to cycle. For 
example, involving: pre-positions every 
other cycle, alignments which might 
vary from zero to three depending upon 
the chance accuracy of the preceding 
move, or separates or fumbles which 
could easily change with each pick up. 

Following this discovery, it was al- 
most immediately concluded that the 
differences were due to the difficulty 
of coordinating the hands and keeping 
them in rhythmic phase with each 
other. In other words, we generally 
expect that an operator will keep the 
two hands in a more or less fixed phase 
with each other. If both hands are 
picking up and assemblying objects 
simultaneously and ‘in a specific cycle 


variable motion sequences occur, it is 
expected that the operator will pace 
himself to keep in phase with the hand 
having the most difficulty. Here the 
term ‘variable motion sequence” is 
used to define any element involving 
motions which occur on an average, 
random or percentage bases. WORK- 
FACTOR Standard Elements of Work 
which involve such variables are: Com- 
plex Graps, Pre-Positions, and Assem- 
blies. 

6. Based upon these findings, it was 
evident that some additional compen- 
sation must be made for simultaneous 
variables. Today, we call such addi- 
tional compensation a “simo allow- 
ance.” 

The question of how much “simo 
allowance” was yet unanswered, al- 
though the problem was fairly well 
understood. 


Mathematical Aspects 


Various simo allowance measure- 
ments were made, but the problem was 
not finally resolved until 1940. At 
that time, Mr. Paul Taub, then at RCA 
Victor, was asked to analyze the prob- 
lem from a purely mathematical stand- 
point. A few elementary calculations 
soon clarified the effect of simo se- 
quences. 

In order to reconstruct the mathe- 
matical solution, we will first review 
the fundamental laws of the mathe- 
matics of probability. 

Theorem I—If P is the probability that 
an event will occur, then 1—P is the 
probability that the event will not 
occur. 

Theorem II—If P, is the probability that 
event A, will occur, and P,, is the prob- 
ability that event A. will occur, then 
P, P., is the probability that event A, 
and event A. will occur together. 

Theorem III—If P, is the probability that 
event A, will occur, and P, is the prob- 
ability that event A, will occur, then 
P,+P. is the probability that at least 
one of the events A, or A, will occur. 

Theorem IV—If P is the probability that 
an event will occur, and M is a magni- 
tude associated with the event when 
it does occur, then P M is the mathe- 
matical expectancy (effective mangi- 
tude). 


P,—(Probability of P; only) + 

(Probability of and P. simo) 

P,—P, only + P, P» 
The probability of P,; occurring only is: 

P, only—P,—P, P 
Also: 

P, only=P.—P, P: 
By Theorem III, the probability that 
an event will happen in either the right 
hand, the left hand, or both is: 

P. = P, + P. —P, 

Since P, and P. are always equal to 

or less than |, it follows that: 


P, P, P.. 
Therefore— 
P,=P,=>=P, 


Which means that the total probability 
is greater than either of the individual 
probabilities. As a simple example: 
Assume that the right hand had a 50‘. 
pre-position and that the left hand has 
a 50% pre-position. Then according 
to the above: 
Probability that both right and left 
hands pre-position= 
P, P.=- 523 
Probability that right hand only 
pre-positions = 
P,—P, P2—.5—.25=—.25 
Probability that left hand only 
pre-positions = 
P.—P, .5—.25—.25 
Probability that at least one hand 
pre-positions = 
P,+P.—P, P.—.50+.50 


—.25=.75 
Probability that neither hand pre- 
positions = 
I—.75=.25 


If M, is the time for a variable event 
when it does occur, then P, M, is the 
average time which is normally re- 
corded in a non-simo timestudy analy- 
sis. Similarly, Pz Mz is the average time 
for a variable event in the opposite 
hand. The overall average time when 
done simo is: 

(Average time for hand 
having largest time 
when event does occur) 
(Average time for opposite 
+ hand when event occurs 
in that hand only) 
P, M, + (P.—P, P.) M, 


M,. 


\, and one hand has a 3F1 pre-position P,=Probability of occurrence of a WHEN M, > M, 
while the oth d h: variable event in one hand. -P.. M. + (P;—P; M; 
M,=The time for the variable event WHEN M, < M. 
is, the hands are immediately thrown that Ain chowe com : 
eC out of phase by .0048 minutes. If one P..— Probability of occurrence of an < S 
or two other variables happened in the * independent variable event in > ws. 00. ee | 
cs one hand and not the other, the phase the opposite hand. In oon anni Simeone ohh | 


_M,=The corresponding time for the 
event. 


shift could become appreciable, so that means that the total average time is 


ts one hand might be reaching while the 


other was moving, whereas they had 
formerly moved and reached together. 
A few exceptional operators can 


Then by Theorem II, the probability 
that both variables will occur simul- 
taneously in the right and left hands is: 


greater than either of the individual 
average times. 

The actual increase in time over the 
greatest single hand time is given by 


work through shifting phases. We do 
not expect the average experienced 
operator to do so. Therefore, wherever 


1 Po ngi 
By Theorem III, the probability of the following: 


P, is: (Continued on Page 24) 
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A Mathematical Foundation for Industrial Engineering 


r and Head 
Engineering of the 


1 Paper Presented to the Industrial 

Engineering has always been built 
on a foundation of mathematics and 
the basic sciences. 

The trend today is toward greater 
use of mathemtics. The Committee on 
Adequacy and Standards of Engineer- 
ing Education of ASEE recently con- 
cluded that “the greatest potential for 
future development in science and tech- 
nology is to be found in mathematics. ”' 
Engineering fields other than Industrial 
Engineering are finding growing need 
for a better foundation in mathematics 
and for mathematical courses higher 
than calculus. 

For example. in the Southeast, cur- 
ricula are beginning to be influenced 
by three big projects, the atomic energy 
development at Oak Ridge, the Arnold 
Engineering Development Center at 
Tullahoma. Tennessee, and TVA with 
its regional electric power system. All 
of these projects maintain teaching or 
research relationships with the engi- 
neering colleges of the Southeast. The 
mechanical engineers are finding a need 
for higher mathematics for wind tunnel 
and jet propulsion calculations, the 
chemical engineers need higher mathe- 
matical analysis for atomic reactor de- 
sign, and the electrical engineers have 
long required courses in differential 
equations since rates of change domi- 
nate their fields of study. (See Table | 
for one comparison of math courses 
for various engineering groups. ) 

What about the Industrial Engi- 
neers? Do I. E. students already get 
enough mathematics or will Industrial 
Engineering follow the path of other 
engineering fields which also started 
with practical, rule-of-thumb methods 
but have become more and more de- 
pendent upon mathematics? 7 

This program today on “Mathemati- 
cal Analysis in Industrial Engineering 
is intended to explore this | question. 
In preparation for it one of the partici- 
pants made a significant discovery— 
that it was hard to find Industrial Eng- 
neering applications of general mathe- 
matics. other than arithmetic and alge- 
bra, but further that there are “few 
applications of mathematics to indus- 
trial engineering problems that do nat 
involve some aspects of statistics.” 

This discovery raises two points for 
consideration: 

1. What present or future Indus- 


iS «€ Hollister. C. S. Crouse. L. F. Grant. and 
M LD. Hooven Report of Committee on Ade 
quacy and Standards of Engineering Education.’ 
The Journal of Engineering Education, 42° 24% 
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By Howard P. Emerson 


Industrial Engineering Department 


University at 
\merican Society for Rnugineering bducation 


‘Tenn 
Annual Convention. 1052 


Table I 


MATH COURSES HIGHER THAN CALCULUS FOR ENGINEERING STUDENTS 
AT THE UNIVERSITY OF TENNESSEE 1952-53' 


Civil Engineering: 
student. 
Chemical Engineering: 


Upper Division Math courses may be elected by the 


Differential Equations and Advanced Calculus are majo) 


electives taken by over half the students, required of 
Nuclear Processes Group. 


Electrical Engineering: 


Elementary Differential Equations, required of all stu- 


dents. All graduate students will take an upper division 
math series, Applied Mathematics for Engineers, 9 quar- 


ter hours. 
Engineering Physics: 


Differential Equations and Advanced Calculus (9 quarte) 


hours) or Introduction to Analysis required. 


Mechanical Engineering: 


The new “unified” math course is considered to provide 
enough differential equations for the course in Mechani- 


cal Vibrations, which previously had a Differential Equa- 


tions prerequisite. 
division math 


upper 


All graduate students will take an 
series, Applied Mathematics for 


Engineers, 9 quarter hours. 


Industrial Engineering: 


Introduction to Mathematical Statistics (3 quarter hours). 


A second,quarter is optional. These are followed by I. E. 
courses in Quality Control. 


Examination of urricula at various other engineering colleges througheont the eountrs ife<x that 
the above table is TV mm the following respects 
\! ble trical hngineering but few other curricula require retitial 
on mathematics higher than enleutus does not show ape petals rs underyr scluats 
rricula If present if appears in recommendations to for eleetive courses. on require 
‘nts for higher degrees, as illustrated in the abowe table 


trial Engineering problems re- 
quire mathematics in their solu- 
tion and what are the mathe- 
matical techniques which the In- 
dustrial Engineer needs to solve 
them” 

2. If most of the applications of 
mathematics are found to in- 
volve some aspects of statistics, 
is not this the logical field of 
specialization for ‘Industrial En- 
gineering? 

Table II has been prepared showing 
in one column certain mathematical 
techniques and in a parallel colamn 
some present or potential Induégtrial 
Engineering applications of them. 
table originated in an attempt to 
what Industrial Engineering stude 
needed in a proposed common core 
course in mathematics at the Univer- 
sity of Tennessee. To develop such a 
table as a complete “Mathematics 
Foundation for Industrial Engineers.” 
we should anticipate the need for 
mathematics in future work of the in- 
dustrial engineer in the expanding 
fields of research, development, plant 
testing and measurements, in order to 
be in line with the new project insti- 
tuted by President Hollister of ASEE 
to review engineering curricula in rela- 
tion to needs ten years from now. 


Mathematics Course Needed 


Based on the present list (Table II) 
how much mathematics would be 
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needed in the undergraduate or gradu- 
ate curriculum? 

Most of the conventional mathe- 
matical techniques listed in this table. 
with the exception of statistical mathe- 
matics, are probably included in what 
students get now. At least this is what 
we found at the University of Ten- 
nessee, where our recent review of 
mathematical requirements common to 
all engineering fields suggested that 
few new topics needed to be added in 
the existing subject matter. Our engi- 
neering faculty adopted a requirement 
which goes into effect next fall, of § 
hours each quarter in mathematics for 
the first two years, a total of 30 instead 
of 24 quarter hours in a common uni- 
fed course for all engineering students. 
This unified course starts with differ- 
ential calculus in the second’ week of 
the freshman year and ends with a 
brief introduction to differential equa- 
tions. It is hoped that this will answer 
the objection of all departments re- 
quiring advanced work in mathematics 
that poor preparation limits perform- 
ance in higher mathematics courses. 

Later courses can be added on such 
an expanded two year mathematics 
foundation, if they become desirable. 
What would be such higher courses for 
the Industrial Engineer? One might 
be matrix algebra, useful in solving 
simultaneous equations and reaching 
decisions on optimum situations in- 
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volving many variables. Differential 
equations may not be necessary since 
most of those Industrial Engineering 
phenomena involving rates of change 
can be handled by integral calculus. 
In the new field of cybernetics, involv- 
ing substitution of mechanical for 
human brains in the form of comput- 
ing machines, the Industrial Engineer 
already uses IBM punch card equip- 
ment and automatic calculating ma- 
chines of ten digits, and these may be 
adequate for some years to come. In 
another new field, operations research, 
statistical mathematics comes into play. 
Statistical Mathematics 

The major exception not covered 
adequately in the basic two year mathe- 
matics course for engineers is mathe- 
matical statistics. Engineers have lagged 
behind in using statistical methods. 
Nearly every other profession has made 
use of them. If Industrial Engineering 
follows the trend of other engineering 
fields in requiring advanced miathe- 
matics in undergraduate or graduate 
work, I believe its field of specialization 
will be that of mathematical statistics. 
Statistical methods have already opened 
up new opportunities. They have 
brought striking results in quality con- 
trol. But control of quality is only the 
beginning of the applications of mathe- 
matical statistics to manufacturing and 
production. On the program this after- 
noon there is to be an analysis of time 
study procedures as affected by statis- 
tical methods. In fact statistical meth- 
ods have been used to discredit con- 
ventional time study procedures by 
suggesting that our samples are seldom 
big enough, that elimination of data 
because it looks out of line is not scien- 
tific, and that the elements of a time 
study if chosen very short are not inde- 
pendent and hence that methods of 
universal standard data have decided 
limitations.- We need statistically 
trained engineers to answer. such ob- 
jections. A new type of time study 
called ratio-delay is itself based on 
probability mathematics. In the devel- 
opment of time study formulas to ex- 
tend time study values to conditions 
other than those measured, the need 
for statistical curve fitting and simple 
and multiple correlation comes up. 

Similarly, other Industrial Engineer- 
ing techniques can be improved by 
statistical analysis. (See Table Il.) As 
the Industrial Engineer gets further into 
the field of methods development and 
from there into research, he will find 
that statistical techniques such as a 
“t-test” or “analysis of variance” can 
help him decide whether a new method 
is better than an old one, whether he 
has really obtained a significant differ- 


‘Adam Abruzzi. Work Measurement. New York 
Columbia University Press, 1952 
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Table Il 


MATHEMATICAL TECHNIQUES USEFUL IN INDUSTRIAL ENGINEERING 
GENERAL MATHEMATICS 


Mathematical Techniques 
Graphs and nomographs 
Linear functions (y= + bx) 
Exponential functions (y=Pe'*) 


Power functions (y—kx") 
Polynomials (y=a+bx+cx-) 


Differentiation 
First derivdtive—O 


Second derivative —O 


Integration 


Simultaneous equations 
Determinants 
Matrixes 


Computing machines 
Electronic computers 
Punch card calculators and tabulators, 


such as IBM machines 


a 


Automatic mechanical calculators 


Differential equations 


Theory of Games i 
Programming .Interdependent Activities 


Cybernetics 


Industrial Engineering Applications 


For quick solutions and calculations in 
plant operations and control. 

Fitting curves to data and discovering 
laws or relations where one factor is 
related in a systematic way with an- 
other. For use in formulas for exten- 
sion of time study data, equipment 
change-over points, variations of plant 
costs with output in the break-even 
chart, projected costs for different 
sizes of equipment. 

Interest or depreciation compounded con- 
tinuously in engineering economy. De- 
terioration of warehouse material. 
Sinking fund depreciation. Formulas 
in economic lot size calculations. Bud- 
geting variable costs. 


Maximum or minimum points for inven- 
tory and production lot size; optimum 
(minimum cost) conditions of plant 
operation. 

Standard deviation, at point of inflec- 
tion in normal curve, the fundamental 
unit in quality control calculations. 

Areas under normal curve in quality con- 
trol; areas under mortality curves; 
number of standard bricks in curved 
furnace: voids in stored materials. 

Economical lot size for inventories, pur- 
chases, production, where curves for 
fixed and variable cost conditions need 
to be solved simultaneously to obtain 
optimum values. 


For quickest solution of simultaneous 
equations in many variables. 

Widespread plant uses for production 
control, inventories, personnel and cost 
data, wage payments, and experimental 
studies. 

Quality control work and _ probability 
problems. Computation of standard 
times and other arithmetic calculations. 

Understanding the basic operation and 
intrinsic errors of plant measuring in- 
struments. 

Mortality tables for expected life of 
equipment, (Gompertz Law). Demand 
curves, such as coefficients of elasticity 
of demand in economics. z 

Decisions where factors are inter-related, 
imponderable, and involve strategy, 
e.g. pricing of products. 

Plant communications and controls. 


(Table II Continued on Next Page) 


ence in results. In the field of research, 
the Industrial Engineer will find need 
to get a maximum of information from 
minimum experimental use of opera- 
tors, machines and materials, just as 
the agriculturalist because of long 
growing seasons must get a maximum 
of information from a small amount of 
data, and therefore uses statistical 
methods. This brings up the whole field 
of the mathematics of small samples 
and leads to the subject of the design 
of experiments by the use of statistical 
techniques. More and more, programs 
of the American Society for_ Quality 
Control cover subjects such as analysis 
of variance, to identify causes of varia- 
tion which control charts can only de- 
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tect; chi-square tests for significant dif- 
ferences between expected and ob- 
served results; and design of experi- 
ments by Latin squares. An ASOC 
Subcommittee on College Courses rec- 
ommended one year on basic and ap- 
plied, mathematically sound, statistical 
courses (9 quarter hours) as the even- 
tual goal for all engineers.* 

On the basis of all of this I believe 
the Industrial Engineer should “latch 
on” to statistical mathematics as the 
most productive of the mathematical 
fields. Industrial Engineering should 
become the leader in developing engi- 


‘Industrial Quality Control, Vol. VI. No. 4. Janu 
uary 1950. pp. 27-30, ‘‘Statisties and Quality 
Control in Engineering Courses.’" Report of Sub- 


committee on College Courses, ASQC. 
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TABLE II (Continued) 


STATISTICAL 


Mathematical Techniques 


Normal continuous distribution 

Binomial (p+q)" 

Poisson (limit of binomial for large n, 
small p). 


Probability theory, based on above dis- 
tributions, permutations, combinations, 
probability theorems. 

Normal distribution 


Confidence limits 


Probability theory 


Analysis of variance 
t test 
Correlation 


t test 


Normal curve 


Poisson distribution 


Addition of variances 
Correlation and Regression 


t test 


Addition of variances 


Tests of Significant Difference: 
t test 
F test 
Chi square 


Analysis of variance 


Random block tests, Latin square, 
factorial experiments 

Probability Theory (most useful of vari- 
ous mathematical tools for Operations 
Research). Also of importance in 
Theory of Games and Programming. 


Partial and multiple correlation and re- 
gression 
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MATHEMATICS 


Industrial Engineering Applications 


Quality Control 
X and R charts for variables 
p charts for attributes 
c charts for defects, where number is 
very small compared with oppor- 
tunity 
Sampling plans 


Motion and Time Study 
Tests for whether operation and data 
are within control limits 
Determination of number of cycles to 
time 7 
Down time and standard times by 
“ratio-delay” 
Machine interference downtime ° 
Job Evaluation 
Differences between raters on same job 
Significant differences between jobs 
Comparing wages to point ratings 
Merit Rating 
Significant differences between super- 
visory ratings 
Rating by grouping under normal 
curve to improve promotion, selec- 
tion testing 
Plant Layout and Design 
Number of drinking fountains, eleva- 
tors, lunch room spaces for simul- 
taneous use 
Roof design for expected maximum 
snow or wind loads 
Chances of peak loads for maintenance 
crew, power demand, materials hand- 
ling equipment 
Estimating 
Precision of total estimate 
Relation of items 
Comparison of budgets and actual ex- 
penditures 
Significant difference between compet- 
ing processes or raw materials 
Mating of parts—tolerance limits 
Determination of whether variance or 
measurements of total material shrink- 
age is sum of normal losses at various 
plant steps 
Methods improvement 
To determine whether there is a signi- 
ficant difference between an old and 
new method 
Industrial safety 
Comparisons of accident records be- 
tween departments, companies, or 
time periods 
Evaluation of sources of variation, which 
show up in control charts or in records 
of safety or performances 
A powerful technique for appraising from 
a small amount of data what thousands 
of experiments would show if they fol- 
lowed the sample; mathematics substi- 
tutes for experience 
Design of plant experiments and tests 


Operations Research 

Applications in industry are similar to 
problems involving choices between 
alternatives now solved by Engineer- 
ing Economy and Methods Analysis, 
with the Industrial Engineer advis- 
ing in a staff capacity for manage- 
ment decision. 

Appraising quantitatively the effects of 
changes in variables, e.g. effect on time 
standards of change in size or of raw 
material where other factors are in- 
volved. 
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neering applications of it. 

If this is a logical conclusion, how 
should the Industrial Engineering stu- 
dents get this training in statistical 
methods? All of us throughout the 
country have been trying out different 
ways to accomplish this. 


Probability Theory in Basic 
Math Courses 

One suggestion is to include more 
probability theory in the first two years 
of mathematics. The new unified math 
program which | mentioned will in- 
lude not only work on the binomial 
theorem and the method of least 
squares for fitting data, but an intro- 
duction to probability and _ statistical 
methods including permutations, com- 
binations, the normal probability curve, 
and correlation. I believe an intro- 
duction to these topics will get around 
a road block which seems to delay stu- 
dents in grasping probability mathe- 
matics. Elementary math courses seem 
to have gradually left out permutations 
and combinations and any other ref- 
erence to the subject matter that will 
come up in the mathematics of statis- 
tics. Hence students have found this 
subject of great initial difficulty. By 
getting our mathematics departments 
to put greater emphasis on some of 
these introductory materials in the first 
two years, the students will not be 
unfamiliar with this subject when en- 
countered later. 

Statistics Courses for Engineers 

There are three phases to this unique 
field of statistical mathematics, hence 
three “fingers in the pic.” 

|. Applications by industrial engi- 

neers in plants. (Setting up con- 
trol charts, introducing sampling 
plans or procedures, designing 
plant experiments. ) 
Statistical techniques required 
for these applications (such as 
the normal distribution, Poisson 
table, correlation, t-test, F test, 
analysis of variance, Latin 
Square ). 

3. The mathematical basis for these 
techniques (such as proofs of 
formulas, the derivation of the 
data in statistical tables, mathe- 
matical properties of the normal 
curve and the whole concept of 
probability ). 

In view of this three dimensional 
aspect of statistics for engineers, it is 
a knotty problem to decide who should 
present this subject to the undergradu- 
ate. One position we can take at the 
Start: the engineer should teach the 
applications of this or any other method 
in engineering. The use of statistics is 
simply one means to an end. Depart- 
ments of statistics teach the statistical 
techniques, but do not purport to do 
more than indicate how the formulas 
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es were derive If we turn 


and ta 
to the mathematics department, which 
engineering colleges have been accus- 
tomed to doing in other mathematical 
fields, we run into a number of prob- 
lems. One is the problem which we 
have faced in calculus, that math de- 


partments sometimes seem ,to have 
little interest in practical examples and 
may confuse the student with mathe- 
matical procedures, proofs of theorems, 
and derivations of tables, losing the 
students” interest. In the case of sta- 
tistics this is tragic for it is a fascinating 
new field for the engineer. 

Problems of Presentation of 

Statistical Mathematics 

A further problem in building this 
foundation of statistical mathematics 
for Industrial Engineers is the type of 
presentation. Should each formula or 
table be backed by rigid proof? This 
will indeed get into matrix theory and 
the geometry of hyperspace, for some 
of the proofs in the field of statistical 
mathematics are as difficult as they 
come. Industrial Engineering students 
who take statistical mathematics will 
find it as high level work as the me- 
chanical or electrical or chemical engi- 
neers face in the higher math courses 
which they take. Mathematical statis- 
tics is not easy. So the teacher may 
fall back on proving the simplest case 
or just indicating the general nature 
of the proof, or he may use an analogy. 
The common practice is to try it out 
with beads. It works, therefore, it is 
proven. Theodore H. Brown at Har- 
vard has developed a series of experi- 
ments to prove empirically some of the 
formulas used in quality control work.* 
At Tennessee we have tried to illus- 
trate each major topic in Grant’s text” 
with a laboratory experiment. (You 
can't believe 100‘% inspection isn't 
perfect until you actually try it.) 

In view of the complicated nature 
of this problem, Professor Grant's text 
is a fine example of balance in the 
treatment of subject matter. It covers 
practical uses of statistics, development 
of probability theory and explanations 
of tables with data from bowl experi- 
ments to demonstrate and help the stu- 
dent understand the formulas. 

Texts on quality control, however, 
leave out the derivation of such basic 
factors as the relationship of range and 
sigma, the familiar do; use of n- 1 in 
obtaining estimates for variances of 
small samples; derivation of the addi- 
tion of variance theorem which is not 
only useful in determining practical 
tolerances for mating parts, but is the 
whole basis for the higher applications 


‘*The Empirical Approach 
Industrial 


‘Theodore H. Brown 
to the Theories of Quality Control,’’ 
Quality Control, 7: January 1952 

‘EE. L. Grant, Statistical Quality Control. New 


York: MeGraw-Hill Book Company, Inc. 
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of statistic® through th€ analysis of 
variance. Should not a_ thoroughly 
trained Industrial Engineer study such 
derivations to avoid becoming a hand- 
book operator in the field? 

Furthermore, shouldn't we think of 
Statistical mathematics not as an area 
of specialization but an integral part 
of common core mathematics” It is 
needed especially by Industrial Engi- 
neers but is eventually to be of use to 
all engineers. I believe this is in line 
with recommendations of the ASOQC.' 
Teaching of both math and engineering 
needs to be reoriented. © 

With manifold applications of sta- 
tistics ahead of us, would the engineer 
not be wise to turn to mathematics as 
the basic, first-hand source of the 
theory to be applied.? 

The answer to the question of how 
much mathematics the Industrial Engi- 
neer should have, and how to present 
it, depends upon our concept of the 
Industrial Engineer and the relative 
emphasis on basic science and mathe- 
matics vs. applications. 

I discussed this whole problem with 
a practicing Industrial Engineer in a 
metal working plant who came to us 
recently looking for graduates. He 
said, “Just teach them to add and mul- 
tiply.”” 

I next discussed it with a consulting 
Industrial Engineer who had recently 
returned from Europe, where he found 
that Industrial Engineers are beginning 
to use higher mathematics. He said, 
“I feel that the Industrial Engineer in 
the future will be using some of the 
computing machines and matrix alge- 
bra. I believe that he should have a 
thorough grounding in statistics which 
should be taken after he has completed 
his calculus and probably should take 
matrix algebra at the same time.’* 


Conclusions 

In the light of these conflicting com- 
ments, this paper suggests the follow- 
ing conclusions, in summary: 

1. Many opportunities exist for 

using mathematical analysis in 
Industrial Engineering. (Table 
II.) 
Most of us have failed to make 
full use of these mathematical 
methods, but Industrial Engi- 
neering is not the only field which 
suffers from this failure. One 
reason for the reluctance to use 
mathematics by student, teacher, 
and plant engineer is that thor- 
ough understanding of mathe- 
matical analysis and practice in 
its applications are not provided 
in undergraduate work. 


‘Everett Laitala, Correspondence dated June 4, 
1952. 

"ASQC Subcommittee, op. cit. 

‘Donald E. Farr, Vice President of Engineering, 
Methods Engineering Council. 
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3. It is not enough to make “mere 
translations from a literary form 
of expression into symbols, with- 
out any subsequent mathematical 
analysis.”” Not only economists, 
to whom this quotation has refer- 
ence, but also Industrial Engi- 
neers in handbook style do this 
in such expressions as: 
R=Y+C+E+F+4M+L+T 


4. In order to bring about greater 
use Of mathematical analysis 
in Industrial Engineering a 
firmer foundation of mathemati- 
cal training needs to be provided 
for beginning students. One solu- 
tion may be more hours devoted 
to the same basic mathematical 
subject matter. Another may be 
the so-called “unified” approach, 
which is being presented and 
discussed in the Mathematics 
Division of this conference." 


5. As “A Mathematics Foundation 
for Industrial Engineering” this 
paper suggests that two years of 
fundamental mathematics, more 
complete and thorough than it 
is now given, can provide the 
Industrial Engineer with many 
techniques which he might be 
encouraged to use more than he 
does at present. Industrial En- 
gineering departments might de- 
velop problems and applications 
in I. E. courses for all of the 
techniques listed in Table II. 


6. Expanded emphasis on funda- 
mentals can also provide a solid 
foundation for advanced mathe- 
matics courses or study. If such 
advanced work is needed the first 
promising new field for Indus- 
trial Engineers is that of statis- 
tics or mathematical statistics. 
Other new fields like matrix alge- 
bra and symbolic logic can be 
investigated by gifted students 
through choice: of electives or 
thesis investigations. 


The purpose of this paper has been 
to state the problem, suggest a solu- 
tion, and present information for indi- 
vidual decision as to what should con- 
stitute “A Mathematics Foundation for 
Industrial Engineering.” What that 
decision should be, can be further 
tested in the light of the papers to 
follow on some specific examples of 
applications of mathematics in Indus- 
trial Engineering." 


*John Von Neumann, and Oskar Morgenstern, 
Theory of Games and Economic Behavior. Prince- 
ton: Princeton University Press, 1944. 

W. R. Van Voorhis, ‘‘An Integrated Approach 
to Basic Mathematics." 

“One of the Papers referred to is presented in 
this issue of the JOURNAL OF INDUSTRIAL 
ENGINEERING under the title of ‘‘Statistics in 
Time Study.'’' (Ed.) 
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A Functional Definition of Industrial Engineering 


Assistant Dean, Colley: 


Many engineers, and particu'arly 
Industrial Engineers, seem to be dis- 
turbed by the fact that it is very diffi- 
cult, if not impossible, to give a precise 
and completely satisfactory definition 
of Industrial Engineering. These people 
often seem to feel the lack of such a 
definition may mean that there really 
is no such distinct field as Industrial 
Engineering and that it is in reality 
only a branch of one of the other older 
and more widely recognized fields of 
engineering. 

I have obtained considerable amuse- 
ment over the years by asking anyone 
who questions the term Industrial En- 
gineering to define for me the terms 
Mechanical Engineering, Civil Engi- 
neering, or just plain Engineering. To 
date, I have never received a definition 
for any of these for which I could not 
point out obvious deficiencies. For 
example, Webster defines Engineering 
as “the art and science by which the 
properties of matter and the sources 
of power in nature are made useful 
to man in structures, machines, and 
manufactured products.” 

I know of very few engineers or 
engineering educators who will accept 
this definition. as satisfactory. In fact 
I know of no other definition of the 
term which is completely satisfactory 
to everyone. 

If we consider the field of Mechani- 
cal Engineering we face an impossibly 
complex situation—yet no one seems 
to worry very much about the lack of 
a precise definition. One of my de- 
grees is in this field but I would much 
rather try to define Industrial Engi- 
neering than to try to define Mechani- 
cal Engineering. Yet I believe I can 
give anyone a fairly good account of 
what Mechanical Engineers do and 
thus establish that their work is differ- 
ent from that done by engineers in the 
other recognized fields. However, I am 
very certain that | would encounter 
some areas of activity which I would 
not be able to say with certainty, were 
in the realm of Mechanical Engineer- 
ing. For example, there is much argu- 
ment as to whether hydraulics should 
be classified under Mechanical or Civil 
Engineering. 

Similarily, while one may not be 
able to give a precise definition of In- 
duction Engineering, one can list the 
functional tasks which the Industrial 
Engineer does and from such an analy- 
sis learn the distinguishing characteris- 
tics which set it apart from the other 
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By E. Paul DeGarmo 


of Engineering, and Head of Industrial Engineering, University of California 


Table I 


PROBLEMS AND FIELDS OF ENGINEERING OR BUSINESS ADMINISTRATION 
INVOLVED IN PRODUCING A PRODUCT 


Problems Involved 


l. Selection of material 

a. Properties 

b. Cost 

c. Relation to processing 
2. Selection of process 
3. Selection of tooling 


a. Types 
b. Capacities 
c. Design details 


d. Types of drives 
4. Layout of equipment 
5. Determination of build'.ag require- 
ments 
6. Intra-plant transportation 
a. Type 
b. Coordination with production 
machines 
7. Production planning 
a. Scheduling 
b. Control 
8. Production standards 
a. Quality 
b. Wages 


fields of engineering. However, it must 
be expected that there will be certain 
of hyddeal functions, just as in the case 
of hydfaulics. 

if one lists the problems which are 
involved in transforming an idea into 
a completed product, ready for use or 
sale, it 1s about as shown in the first 
column of Table I. It should be noted 
that if the world “service” is substi- 
tuted for “product” essentially the same 
list could be used with minor modifica- 
tions. In the second column of this 
table the fields of engineering (other 
than Industrial) and Business Admin- 
istration are shown that normally would 
deal with the solution of the various 
indicated problems. It will be noticed 
that in a number of instances the sym- 
bol *** is shown instead of one of the 
older fields of engineering or Business 
Administration. This indicates one or 
both of two things: (a) there is little 
or nothing in the training of profes- 
sionals in the fields indicated that fits 
them to solve the problem indicated, 
or (b) the problem usually is handled 
by others outside the groups indicated. 

In examining Table I, one will note 
that the occurrence of the *** symbol 
is quite extensive and the problems 
opposite which the symbol occurs are 
very real and a sound solution of them 
is essential if economic production is 
to be obtained. It may also be noted 
that most of these problems involve a 
considerable amount of the human ele- 
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Fields Which Enter Into Solution 


Metallurgy 
*** 


*** Mechanical 


Mechanical 

Mechanical, Electrical 

Civil, Architectural, *** 
Mechanical, Electrical, *** 


Business Administration, *** 
Business Administration, *** 


Business Administration, *** 
Business Administration, *** 


ment. 

Now if you will substitute the term 
“Industrial Engineering” for the *** 
symbol, wherever it appears in Table I, 
you will find that you have a fairly 
good tabulation of the functional ac- 
tivities of the Industrial Engineer. Thus 
he deals with the selection Of materials 
and methods, the selection of equip- 
ment and the design of complex equip- 
ment groupings, the layout of equip- 
ment, the selection and basic design 
of plant buildings, selection and coordi- 
nation of intra-plant transportation, 
the planning and control of production, 
and the setting and maintenance of 
production standards. These are func- 
tional activities not covered to any 
large degree by any other field of 
engineering. 

Some will ask, “Don’t mechanical 
or other engineers frequently carry out 
these functions?”, or “Who handled 
these problems before Industrial Engi- 
neering came on the the scene?” The 
answer to the first question is that of 
course in some cases the problems are 
handled by other than Industrial Engi- 
neers. However, there are always ex- 
ceptions to any rule and in most cases 
where other than Industrial Engineers 
handle these problems those doing so 
learn to handle only one or two of the 
functions and lack an over-all appre- 
ciation of the complete problem. The 
answer to the second question is that 


(Continued on Page 24) 
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The Importance of Accounting in Industrial Engineering 


\ssociate Professor of Industrial Engineering, The Pennsylvania State College 


If | were the manager of any busi- 
ness and wanted to hire an engineer— 
any kind, Electrical, Industrial, Me- 
chanical, etc.—I think | would want an 
answer to this question, “Will this 
man be deeply conscious of the im- 
portance of costs to the success of the 
business?” Would the answer be in 
the affirmative for most of those inter- 
viewed? I doubt it. We would prob- 
ably get a lot of “lip service” to the 
idea, and then see these same men go 
off the “deep end” costwise with a lot 
of starry eyed ideas. I believe there 
are two basic reasons why this is prob- 
ably true: 

1. We are not developing cost con- 

sciousness through our engineering 

education. 

” Our graduating engineers have not 
achieved the management view- 
point. 


The Management Viewpoint 


It is of major importance that engi- 
neers achieve the management outlook. 
The president of a large copper com- 
pany makes this interesting comment: 

“More and more, those who are given 
the responsibility of managing local in- 
dustrial plants have been the graduates 
of technical schools. It has been increas- 
ingly evident that a large part of the 
industrial leadership of the country comes 
from the engineer-managers who have 
succeeded the old owner-managers. One 
estimate of a large university is that 75°; 
of the graduates of engineering colleges 
subsequently occupy managerial positions 
in industry. This is due, in part, to the 
fact that business is changing from the 
small employer-owned businesses to large 
businesses run by trained, salaried men, 
often the graduates of technical schools. 
In larger part, the infiltration of such 
men is due to the increasingly techni- 
cal aspects of our modern production 
methods.” 

If our industries of the future are to 
be managed by engineers, many of 
whom will be Industrial Engineers, 
then a great many of these engineers 
will be moving into various super- 
visory positions in both line and staff 
departments on the way up the ladder 
to the positions of top management. 
Many of these young fellows will find 
themselves faced with problems like 
this: 

“I am going to put you in charge 
of X department. If you take it, it 
will be up to you to get results. Our 
costs are entirely too high for one thing 
and I shall expect you to get them 
down. As you know, we tried two 
foremen in that department last year 
and neither has done the job. I want 
you to go in there and make a show- 
ing. Let's see what you can do.” 
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You see, these engineers will inevit- 
ably be faced with the same five big 
problems that face any supervisor: 

1. Handling personnel problems 

2. Getting out the day’s work on time 

3. Maintaining quality standards 

4. Keeping Costs down 

5. Improving methods 

Everything that they do as a super- 
visor falls under one of these five heads. 
The engineer in the supervisory capa- 
city must have a keen insight into the 
techniques and importance of Cost 
Control and Cost Reduction if he is 
to discharge his responsibility as a 
Management Man. Is he adequately 
trained in the art of “Keeping Costs 
down” to be a truly effective manager 
of his department or area of control? 


Cost Control and Cost Reduction 

It is in the area of Cost Control and 

Cost Reduction that our Industrial En- 
gineers should be in an especially stra- 
tegic position. As pointed out in 
“Neuner’s Cost Accounting” there are 
three basic aspects to accounting for 
costs: 

1. The clerical work or cost keeping; 

2. The managerial aspects, or the ana- 
lytical and interpretative study of 
the accounting data to determine 
standard efficiency; 

3. Systems work, or a set of rules and 
principles governing the installation 
and operation of a system through 
which the details of the costs in- 
curred are ascertained. — 

Industrial Engineers are vitally con- 

cerned with the development of at least 
two of these aspects: 


The Managerial Aspect 


The scientific Method which 1s the 
basis of Industrial Engineering is predi- 
cated on the “determination of the 
standards of efficiency.” If a young 
Industrial Engineer in charge of a de- 
partment were faced with the question 
of, “What is wrong with department 
X.” he would likely have to seek the 
answer to such further question as: 

1. What about industrial relations in 

the department? 

2. Is the department behind in pro- 
duction? Why so much work in 
process? How many days should 
it take to get various jobs through 
the department? 

3. Is anything wrong with the quality 
as evidenced by rejects, scrap and 
reoperations ? 

4. Are costs too high as the factory 
manager indicated? What does 
“high” mean? How much can or 
should they be reduced? What costs 
are we talking about anyway? 

5. Are methods in general (a) effi- 
cient? (b) up-to-date? (c) as good 
as can be devised? 

These questions and others he would 


have to find the answer himself in 
deciding what is wrong. All of these 
ought to be reflected in a single yard- 
stick-costs. If the company has the 
right kind of cost system, it should 
enable him to lay his finger on things 
he will have to go to work on in order 


to show results. The purpose of a cost 


System is not to give someone a job 
compiling figures, but to provide a 
yardstick against which to measure 
results obtained by the department 
head. But there would be no _ possi- 
bility of his determining what was 
wrong or how he could reduce costs 
if he did not know (1) What these 
costs are; (2) What affects these costs; 
and (3) what he can do to reduce 
them, and how far down they should 
go in order to be satisfactory. 

And we must also bear in mind that 
this young engineer may someday in 
the not too distant future be in charge 
of a major division, plant, or staff 
organization with all of the executive 
responsibilities of top management. If 
his success in management is so closely 
inter-woven with accounting and cost 
procedures, what training must he 
have? As a minimum: 

(a) Theory of general accounting 

(b) Ability to analyze and interpret 
the financial reports, i.e. manu- 
facturing statements, Profit and 
Loss and Balance Sheet. 

(c) Factory Cdst system and relation 
of factory ledger to General Ac- 
counts. 

(d) Determination of Costs elements— 
Labor, Material and Expense. 

(e) Departmental Budgets and analy- 
sis of Controllable expenses. 

(f) Understand Budgetary Contriol 
and Standard Cost system if used 
by the company. 

Systems Work 


There will also be a group of Indus- 
trial Engineers who continue their 
business careers as technical specialists 
in Methods and Time Study, Produc- 
tion Planning, Materials Handling, 
Machine and Tool Development, etc., 
who will be continually concerned with 
the “installation and operation of sys- 
tems.” Some will be in various con- 
sulting capacities in which their pri- 
mary concern will be the development 
of methods and procedures and stand- 
ard practices involving’ paperwork 
handling throughout the organization. 
Some will find themselves in staff posi- 
tions responsible for development of 
organization planning and control. AW 
of these functions require a high de- 
gree of skill in paper work handling, 
systems, and procedures. These neces- 
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sitate a thorough understanding of the 
relationship to Cost Control and Cost 
Systems. They will all have a close 
coordinating responsibility. with the 
Cost Engineers and the _Accounting 
functions of the business. All records, 
forms, systems and procedures either 
directly or ultimately tie into the Cost 
finding and Accounting functions. It 
may be that some of the mistakes made 
by the engineer are due to a lack of 
training in paperwork procedures or to 
a realistic understanding of the theory 
and practice of accounting. It may be 
that the strictly “Cost Keeping” func- 
tions of accounting can be left to the 
accountant. The real need for under- 
standing accounting by the engineer is 
well summarized in the introduction to 
the book “Accounting for Engineers” 
by Bangs and Hanselman, as follows: 

“Why should engineers study Ac- 
counting? Because engineering 1s an 
important pathway to executive respon- 
sibility. When the engineer begins to 
assist in directing the affairs of an enter- 
prise, whether in a major or minor capa- 
city, an ability to read and interpret the 
accounts of that enterprise is of para- 
mount importance.” 

Cost Consciousness 

Even more important is the need for 
developing a deep sense of cost con- 
sciousness on the part of the engineer 
whether he is acting in a management 
or staff position. This is a state of 
mind. It is a result of straight thinking 
and of seeing true values in their cor- 
rect perspective. We tend to ignore or 
resist those things we do not under- 
stand. We are likely to place little 
value on the importance of cost control 
and cost reduction if we do not under- 
stand the principles involved in ac- 
counting and cost procedures. Can we 
afford to have engineers going out into 
industry who are not fully conscious 
of the importance of Costs? 

Recommended Accounting 
References 

Several courses are offered in Indus- 
trial Engineeering curricula which are 
designed to develop a sense of cost 
consciousness and to promote man- 
agement thinking on the importance 
and techniques of Cost Control. It is 
almost axiomatic that to achieve an 
understanding of the principles and 
techniques of accounting practices it is 
necessary for the student to work prob- 
lems and or complete a set of account- 
ing books before the principles have 
much meaning to him. This is im- 
portant to bear in mind even though 
one may not be training engineers for 
the clerical work of accounting. It is 
doubtful if the major objectives of cost 
consciousness and Cost Control are 
ever really achieved if engineers have 
not acquired a comprehensive knowl- 
edge of the technical “know how” of 
accounting. There is a danger in this 
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condition, for we may “lose sight of 
the forest because of the trees.” It ts 
entirely possible that one may become 
so engrossed in the technical aspects 
of accounting that he would lose sight 
of the basic objectives. However, if 
proper balance between lectures and 
ticum is maintained the real ob- 
es of the particular course can 


ac- 
books on the various aspects 
of Industrial Accounting. These books 
are applicable for accounting courses 
and are valuable reference for prac- 
ticing engineers. It also might be sug- 
gested that a practicing engineer who 
wished to further his accounting edu- 
cation might do so by enrolling in 
night, extension or correspondence 
courses at his local university. Below 
are listed some suggested book refer- 
ences for use in several phases of In- 
dustrial Accounting: 

Theory of General Accounting: 

Accounting for Engineers 
Bangs and Hanselman 
(International Textbook Company) 
Fundamentals of Accounting 
Harry W. Wade 
(John Wiley & Sons, Inc.) 

Cost Accounting: 

Cost Accounting— Neuner 
(Richard D. Irwin, Inc.) 

Basic Cost Accounting—Spechtrie 
(Prentice-Hall, Inc.) 

Standard Costs: 

Accounting Procedure for Standard 
Costs—Gillespie 
(Ronald Press) 

Basic Standard Costs 
Eric A. Cameron 
(American Institute Publishing 
Company ) 

Budgetary Control: 

Budget Principles and Procedures 
Bartizal 
(Prentice-Hall Book Company) 
Variable Budget Control—Gardner 
(McGraw-Hill Publishing Co.) 
Flexible Budgets—Williams 
(McGraw-Hill Publishing Co.) 

A study of these or comparable texts 
through accounting courses or by home 
study would be of valuable assistance 
in furthering the management career 
of the Industrial Engineer. 


PRESIDENT’S MESSAGE 


(Continued from Page 2) 


what is best for the Institute. Besides 
protecting its purpose, the organization 
itself must be protected. Purpose alone 
does not make an Institute. There 
must be a vigorous, enthusiastic, con- 
tributing, growing membership. There 
could be circumstances where the lat- 
ter consideration would suggest broad- 
ening, changing, or perhaps to some 
extent, compromising the original pur- 
pose. 

In addition to understanding pur- 
pose, the organization environment 
must be understood. Our environment 
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is the field of Industrial Engineering. 
At present, it is a large, sprawling, 
undisciplined field. Having had no 
strong technical society to guide it, a 
certain laxness prevails. A good illus- 
tration, and of importance to this re- 
view, is use of the term /ndustrial En- 
gineer. Much of what we believe to 
be an abuse of the term, is honest error. 
The practice was established long be- 
fore the founding of the Institute and 
we must in justice give it fair recog- 
nition. Certain abuses, however, can- 
not be so excused. Traditions much 
older than the development of the In- 
dustrial Engineering field have given 
fairly well established meaning ‘to the 
term “engineer.” Instances where there 
has been a refusal to recognize this 
tradition are those where little con- 
sideration is deserved. 

To properly promote the aims of 
the A.I.1.E. through a qualified mem- 
bership we must somewhere set mini- 
mum standards of acceptance. Doing 
this, of course, bars from the Institute 
a number of men employed in the field, 
many undoubtedly bearing the title 
Industrial Engineer. Perhaps it was 
given to them by their employer, or 
perhaps it was self-assumed. In any 
event, the men are in the field and 
are identified with it. As the Institute 
becomes more closely associated with 
the field in the public mind, these men 
will become identified with us. Since 
we are thus affected, their existence 
must be recognized by a positive act 
on our part even if it be a positive act 
of exclusion. We should not ignore 
them, nor should we exclude them 
without carefully considering if the 
aims of the Institute might be more 
perfectly fulfilled with proper influence 
on the group through a close associa- 
tion. 


After locating the dividing line 
created by minimum acceptance stand- 
ards we must keep in mind the earlier 
point. The A.L.1.E. did not originate 
the field of Industrial Engineering and 
thus we may have an obligation to some 
honestly bearing the title but who might 
not meet the standards we dictate. A 
grandfather type clause is frequently 
used to make the required adjustment. 

At the top of the field, in the area 
of highest qualification, another atten- 
tion-deserving situation exists. Many 
Industrial Engineers are taken from 
formal practice in the traditional areas 
of the field. Their training and experi- 
ence qualifies them for jobs higher in 
the organization. Indeed, many are 
taken from the field immediately upon 
graduation and never formally practice 
in it. A large percentage will fail to 
join the Institute or will permit their 
membership to lapse. Only, it seems, 
in the larger companies are there a 
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sufficient number of promotions open 
to Industrial Engineers to keep them 
in formal practice. 

This top-side attrition, or skimming- 
from-the-top, is sufficiently prevalent 
to cause us to view the Institute as 
operating in a stratum, bounded on the 
bottom by our own definition and at 
the top by circumstance. A study of 


older groups to which many Industrial’ 


Engineers belong points out certain 
dangers in attempting to break through 
these barriers on any but a most 
clearly thought out basis. Part of the 
general problem here is to study and 
establish the area of the field in which 
the A.I.I.E. must operate, then to de- 
termine how it must conduct itself to 
operate successfully therein. 

Once it has been decided from a 
review of the whole where we must 
confine our direction and what, if any, 
adjustments of purpose must be made 
to insure a vigorous successful organi- 
zation we will be prepared to consider 
the next problem—that of expressing 
the specifications of the desired mem- 
ber in terms of the elements of ex- 
perience. education, accomplishment 
and professional stature. 

The difficulties in doing this are 
apparent. Few will possess generous 
shares of all qualifications. Most will 
be strong in one or two and weak in 
one or two. Certainly in the fringe 
areas where most qualification prob- 
lems come to focus, there will be diffi- 
culty determining and specifying the 
acceptable combinations of elements. 

Fortunately, other older engineering 
groups have experienced similar diffi- 
culties and have worked them out 
satisfactorily. While our problems are 
not identical to theirs they are not so 
different that we cannot advantag- 
eously follow much of their example. 
In fact, when we differ from their ex- 
ample it might be regarded as a signal 
to reconsider carefully the conflicting 
phase of our program to be certain we 
are progressing on firm ground. 

Finally, having established qualifi- 
cation specifications there is the prob- 
lem of applying them to specific cases. 
This problem is first faced by the ap- 
plicant when he considers his own 
qualifications; then by the Chapter 
Qualification Committeemen and finally 
by the national committee. Oftentimes, 
to settle a question of eligibility one 
must go back to the original test ques- 
tions: 

“Wherein lies the good of the 
Institute? or, How are its basic 
purpose .and_ welfare best 
served?” 

Discussion of precision in this area 
is futile. We are not judging machine 
parts or livestock. The considerations 
are tremendously complex but with 
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good will, sound thought and experi- 
ence as guides we can do a creditable 
job. 

There is immediate need for work 
on our qualification benchmarks and 
this is currently receiving attention. 
The broader questions mentioned here 
are no less important but are less criti- 
cal in terms of time. To act wisely 
when the time comes to act we should 
prepare now. This message is given 
to stimulate thought. Perhaps at the 
convention in May we will have ac- 
cumulated enough opinions and ideas 
to reconfirm our present position or 
to decide what changes might be made 
to enable the Institute to better serve 
the profession and mankind. 


THEORY OF PRODUCTION 
(Continued from Page 6) 


since these strategies are mutually de- 
termined. Hence, it would be more 
efficient in terms of utilization of their 
time and of efficiency in strategy deter- 
mination to enforce a coalition among 
them under a centralized scheduler who 
is provided with the necessary informa- 
tion for strategy selection. To be effec- 
tive this would require much higher 
speed information transmission §tech- 
niques than is now typically used as 
well as a review of the content of the 
messages (information) which are now 
passed in order to reduce the redun- 
dancy [26] and facilitate thereby the 
data handling task. , 

A particular difficulty with expediters 
is that they often introduce a bias in 
accordance with the relative forceful- 
ness of their respective personalities. 
Such bias often is inconsistent with the 
objective of the firm. A more logical 
technique would be to centralize the 
function of the expediters under the 
scheduler such that he would be re- 
quired to make a rational decision of 
relative profitabilities of different com- 
modities as a function of time. This 
would result, effectively, in requiring 
the scheduler or manager to consciously 
assign values to the constants B, and C;, 
and the corresponding constants in a 
similar sales price function (which is 
concave downward about the maximum 
at the time desired by the purchaser). 
This, also, would eliminate much inter- 
personal friction often encountered be- 
tween foremen, expediters, salesmen, 
and others, each of whom is urging 
adoption of a schedule favorable to 
himself and seen only from his limited 
prespective. 

The determination of economic lot 
size to manufacture is now handled by 
a variety of formulae, each solving in 
some manner for an optimum between 
decreasing unit costs of larger lots from 
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essential reading 
for every student, 
consultant, supervisor, 
or practitioner of 

time study.”’ 


—Journal of Industrial Engineering 


WORK 
MEASUREMENT 


NEW PRINCIPLES 
and PROCEDURES 


ADAM ABRUZZI presents a new 
methodology for handling the prob- 
lems of work measurement. He shows 
that standard data procedures cur- 
rently in use are invalid (see “Devel- 
oping Standard Data for Predictive 
Purposes,” Journal of Industrial Engi- 
neering, Dec. 1952). 


Dr. Abruzzi makes available objective 
procedures and criteria for deciding 
when a process is standardized and 
for determining when element and 
motion standard data have predictive 
value. He also shows how precise 
estimates and predictions can be made 
about the delay characteristics and 
the production rates of workers and 
operations. 


WORK MEASUREMENT includes 
case histories that bring out the prob- 
lems of application in various situa- 
tions. Both theoretical and practical 
aspects of applied work measurement 
are stressed, along with potential dif- 
ficulties. 25 figures and 55 tables aug- 
ment the illustrations. 


Suited to teaching needs, WORK 
MEASUREMENT also answers the 
problem of how to teach advanced 
industrial engineering students the 
weakness of current procedures, why 
they need modification, and how. 


“ . . important reading for all indus- 
trial engineers and others concerned 
with work measurement and wage 
incentive application.”—Factory Man- 
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a broader base for amortizing tooling 
and set-up costs and smaller lots duce to 
decreasing costs from reduced carrying 
and inventory charges, etc. [21]. Each 
specifies a method of finding the opti- 
mum point, or lot size, between these 
conflicting cost trends. Actually, optima 
so determined are in basic error. As ts 
seen in the model, the lot size, X‘\\,. Is 
actually a function also of other varia- 
bles, including the price of that com- 
modity, the prices of other commodi- 
lies. the variations in assembly cost 
from completing parts at times other 
than desired—both for that commodity 
and for all other commodities that may 
be processed, set-up costs for that com- 
modity as well as for other commodi- 
ties. the scheduled sequence of process- 
ing itself. etc. Hence, the trend reported 
by Moore [19] toward decreased use of 
economic lot sizes determined by these 
formulae now is explained analytically 
by examining in relation to the model 
the behaviour they induce in the proto- 
tvpe system when they are used. 

The relationship of cost accounting 
philosophies and methods to schedul- 
ing. is made clear by the model. The 
concept of marginal analysis developed 
by Vatter |31| for deciding whether 
or how a commodity should be manu- 
factured. particularly when it does not 
cover depreciation charges, is made 
clear in relation to. the model. The 
true objective is to maximize revenue 
over variable costs in the short run 
and to recover fixed costs, if possible, 
in the long. This concept is implicitly 
discussed by Younger and Geschlin 
|34| “Another problem that will arise 
in this (jobbing) shop is that of 
whether to wait for the least costly 
machine (to become available for 
work) or place the job on the machine 
that is virtually idle.” The concept ex- 
pressed by Vatter and by the Model 
is that whatever assignment of jobs to 
machine tools that maximizes net profit 
should be made, if the net contribution 
to profit from such assignment is posi- 
tive (including a “goodwill factor for 
customer relations). One _ frequent 
problem in this regard is that many 
conventional cost accountants will in- 
sist upon showing any above-standard 
process cost from such reassignment as 
a variance charged to the operating 
department. Such practice tends to dis- 
courage the operating personnel from 
seeking that schedule which is the most 
profitable from the point of view of 
the firm as a whole. This is another 
instance of the desirability of the coali- 
tion (in the Game Theory: sense) 
among the operating departments under 
the scheduler in order to assure that 
local objectives will not act to restrict 
the net profitability of the firm as a 
whole. 
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Contributions of Other Disciplines 


Until quite recently, the work of the 
mathematician and the mathematical 
economist was considered to have little 
relation to the phenomenal world in 
which the Industrial Engineer and man- 
ager must solve problems. However, 
these groups have proceeded at an ac- 
celerated rate toward development of 
techniques which now are on_ the 
threshold of practical application. Fore- 
most among the publications in this 
field is Activity Analysis of Production 
and Allocation. |13\. To an Industrial 
Engineer, both the title and the contents 
may appear to be quite unrelated to 
their work. However, had the authors 
of this book been versed in the language 
and practice of industrial engineering it 
might have been entitléd Quantitative 
Vethods of Planning and Scheduling 
Industrial Operations. That is, “activi- 
ties” refers essentially to productive 
“operations. “analysis” indicates a 
more sophisticated, but more powerful 
method of mathematical analysis than 
the Industrial Engineer is now accus- 
tomed to using in his problems. Simi- 
larly, the vocabulary of the text is essen- 
tially that of a mathematical economist, 
although the subject matter ts inter- 
changeably that of an Industrial Engi- 
neer. Linear Programming [13, Chap. 
2}. one of the principle models in this 
book, is particularly related to the prob- 
lems of scheduling. In this model. 
“linear” refers to the assumption of 
linearity of output as a function of 
scale; “programming” its clearly an- 
alogous to scheduling: hence, linear 
programming means scheduling opera- 
tions assumed to be represented by 
linear functions. When the restriction 
in this model that gives rise to the com- 
binatorial problem relaxed 
Cj; Cy. or equivalently that only one 
i'em may be processed on a system 
during any given time period), it be- 
comes essentially isomorphic the 
Linear Programming Model. That Lin- 
ear Programming and this model were 
developed independently (Linear Pro- 
gramming for programming activities in 
the U. S. Air Force and this model for 
industrial scheduling) indicates the 
large class of situations to which the 
method is applicable. Although Linear 
Programming accepts this relaxation 
and makes other simplifications on 
reality, it gains thereby a reduction in 
the difficulty of the computational prob- 
lem. Charnes and Cooper [8] have used 
the Linear Programming formulation 
for two applications—one in petroleum 
refining and one in metals manufactur- 
ing—and have achieved excellent re- 
sults in improving shop loading in rela- 
tion to profitability in both cases.7 

It may be expected that the use of 
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these techniques will grow rapidly as 
larger numbers of firms learn of the 
advantages of using objective and quan- 
titative methods in their problems and 
as increasing numbers of Industrial 
Engineers (it is hoped) become com- 
petent in the use of the modern mathe- 
matical methods. 

“Operations Research” {| 19! is a 
technique first developed by scientists 
from various fields for analysis and 
decision-making in British military op- 
erations in World War II. It is gaining 
some notice now for its accomplish- 
ments in the application of quantitative 
methods to industrial situations. For 
example, Lathrop | 14] reports certain 
improvements in profitability and cost 
of production in various instances by 
the use of marginal analysis techniques 
for inventory control. Clearly this case 
must have either cmitted set up or 
subsumed it in some other manner as 
otherwise a production rate function 
with set-up ordinarily would not be 
differentiable. Similarly, it did not in- 
clude the probability character of de- 
mand and production in the manner 
discussed by Dvoretzky. et al | 11 |. In 
general, Operations research is a valu- 
able technique, although it tends to be 
more of an ad hoc application of the 
scientific method to managerial prob- 
lems than the development of a “science 
of management” in the spirit of F. W. 
Taylor or of Activity Analysis (al- 
though Taylor used what may now be 
termed operations research methods in 
many of his studies). We as Indus- 
trial Engineers and Managers would 
seem to be more desirous of carrying 
through the development of the scien- 
tific management concept and, thereby. 
the development of a systematic dis- 
cipline and a body of knowledge such 
as are characteristic of our sister engi- 
neering professions. 

Conclusions 

This model hardly can be expected 
to be the final word in model building 
in the field of industrial engineering and 
management. It is intended only as a 
beginning, to be followed by many em- 
pirical studies seeking some optimum 
between difficulty of computation and 
fidelity of representation. As the ex- 
perience gained in model building and 
application increases, and as the sense 
of the June meeting of the ASEE on 
the use of mathematical and statistical 
methods in industrial engineering per- 
meates the field, we may expect a gen- 
eral leavening of the whole discipline 
As we make more use of supporting 
disciplines, such as probability and sta- 
tistics, advanced mathematical analy- 
sis, information and communication 
theory, game theory, servo mechanism 
and circuit theory, etc., in handling 
our problems in organization, plan- 
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ning, scheduling, time study, etc.. we 
may expect a considerable reorienta- 
tion of the task and methodologies of 
the profession. We then shall be able 
to distinguish more clearly between the 
Industrial “Engineer” and the “time- 
study man.” As the level of quantita- 
tive rigor of our discipline is raised to 
that comparable with other engineer- 
ing fields, the Industrial Engineer will 
become more truly an “engineer” and 
the “time study man.” etc.. his “draft- 

Although many sciences are held out 
to Industrial Engineers as the “one™ 
which would help them most in their 
work, it is this writer's belief. that in 
addition to basic engineering, mathe- 
matics offers the greatest promise to 
aiding industrial engineering in becom- 
ing a more scientific and analytic disci- 
pline. For example, in writing on the 
use of mathematics, Dadourian | 10) 
remarks, “It has been recognized by 
wise men of all ages that mathematics 
is the most potent instrument that can 
be used to sharpen the mind; that it is 
the best means of training in analysis 
and synthesis (which is the Industrial 
Engineer's job)—that is, taking apart 
component elements of a problem and 
then reintegrating them into a new 
whole, and weighing the pros and cons 
of an issue in the scales of reason... .” 
(Remarks in parenthesis are mine.) 
Although many of the methods of in- 
dustrial engineering analysis—such as 
the flow process charts, plant layout 
charts |4|, et., have made good use 
of a system of symbolic notation, this 
system has not met the mathematical 
requirements on definitions of the ob- 
jects and numericization. Hence. much 
experience and knowledge in the use 
of quantitative methods have not been 
gained which might have been, if recent 
engineering and mathematical methods 
of analysis had been available earlier. 
As further a illustration. Arrow |2| 
Presents persuasive arguments regard- 
inv the validity superiority of 
mathematical analyses even such 
areas as the social sciences (which in- 
clude important parts of industrial en- 
where judgment, intuition. 
and qualitative analvsis are now largely 
the dominant technique of analysis 

Dadourian writes further: “Mathe- 
a language. It ts the 
most perfect and the most powerful 

the languages created by man. It ts 

universal even more unt 
ersal than music. which differs from 
ountry to country. When a chain of 
reasoning ts carried out in the language 
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_of mathematics, the reasoning process 
becomes surer and swifter. When a 
law of nature is expressed in the mathe- 
matical language, it not only becomes 
more precise, but its hidden implica- 
tions come to the surface.” An illus- 
tration of this characteristic of mathe- 
matics is afforded by Clerk Maxwell's 
discovery which led to the development 
of radio, radar and television. When 
Maxwell expressed the experimental 
laws of electromagnetism in the form 
of the four equations named after him, 
he discovered the fact that electro- 
magnetic disturbances travel with the 
velocity of light. This prompted Hein- 
rich Hertz, who experimentally proved 
Maxwell's discovery, to exclaim, 
“Mathematical equations wiser 
than we!” In fact, in building the 
model presented here, a similar, but 
humble experience was encountered. 
The equations were written originally 
to express the relationships in sched- 
uling. However upon analyzing them, 
it was found that hidden implications 
became apparent for analysis (such as 
the behavior of production under prior- 
ity systems, the incompleteness of “‘eco- 
nomic lot size formulae,” the role of 
the decision-maker as a computer and 
data handler, the need for more ade- 
quate statistical analysis in time study 
and scheduling, the relationships be- 
tween the theory of organization and 
the theory of communication and in- 
formation |28], the inadequacy of the 
static economic theory of the firm in 
relation to scheduling, the relationship 
between production planning and inter- 
industry economic analysis | 15], etc.) 
Hopefully, as the art of model building 
progresses and the use_of Mathematics 
in Industrial Engineering permeates 
education and practice, we may pro- 
‘ceed toward Taylor's original concepts 
of Scientific Management. These con- 
cepts then may be embodied in a sys- 
tem of principles of methodologies of 
the scientific methods used in the phy- 
sical sciences. This then would permit 
us truly to sav we have “scientific” 
management. The accomplishment of 
this objective is still quite distant in 
the future and much of the work that 


has been done has been, thus far. 
ephemeral to industrial engineering. 
Ihe references in this paper are in 


cluded therefore to suggest some ol 
this work and sources of information 
on it. If it is to be integrated into a 
science of management. it must be by 
those engineers interested in| manage- 
ment, te. by Industrial Engineers. 
working in cooperation with the mathe- 
maticians, statisticians, etc.. as the 
physicist now works with these persons 
in handling the problems of the physt- 
cal sciences. 
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RATING EVALUATION 
(Continued from Page 8) 


than a similar index (.75 standard 
deviations ) computed about the trend 
line; and we will therefore be conserva- 
tive in stating that at least 50‘. of all 
readings will have an error from the 
trend line (in percent of true rating) 
of less than the rating accuracy index. 
As the trend line approaches the zero 
line, this conservative bias will be re- 
duced—as is desirable. Regular prac- 
tice should show a definite decrease 
in the rating accuracy index; practice 
should be continued until it reaches 
a point deemed satisfactorily low and 
then practice rating may be decreased 
in frequency unless the value of the 
rating accuracy index again grows too 
large. 

Does this proposed technique meet 
the criterion of practicability? Experi- 
ence in using it with typical time study 
men would indicate that, after some 
initial confusion, the method is readily 
accepted and used. It has further been 
found that, if the refinement of calcu- 
lating errors in percent error rather 
than in percentage points is discarded 
(and if the range of speeds is limited 
to, say, from 80% to 150‘ this does 
not introduce too serious an error) the 
technique is readily accepted by those 
having extremely limited mathematical 
backgrounds. (To do this, line (e) on 
the form is omitted, and values found 
on line (d) are plotted directly. ) 

Obviously this paper leaves unsaid 
much that should be said about the 
choice of films, their use in practice. 
the value of the rating accuracy index 
that would prove satisfactory, etc. It 
does attempt to propose a measurement 
technique which offers an aid in cor- 
recting errors in trend and a measure 
of the errors in rating that is simple, 
meaningful, and useful in evaluating a 
training program. 


SIMO ALLOWANCES 


(Continued from Page 13) 


(1) M,>M. 
P, M,>P. M. 
Increase — P, M, +(P.—P, P..) M. 
—P,M, 
P. M.—P, P.M. 
(Il) M,>M.. 
P, M,<P.. M.. 


Increase P,; M, +(P.—P, P.) M. 


—P.M. 
=P, M,—P, 
(111) M,<M, 
P, M,>P. M. 
Increase — P. M.+(P,—P, P.) M, 
—P,‘M, 


=P. M,—P, P.M, 
(IV) M,<M. 
P, M,<P. M. 
Increase — P.. M. +(P,—P, P..) M, 


—P.M. 


M,—P, P.. M, 
Reduction to Practice 


It is obvious now that the simo al- 
lowance must compensate for the in- 
crease given in equations I, II, III and 
[IV above. It was originally suggested 
that the simo allowance should be made 
by actual calculation using the equa- 
tions. It was soon found that was too 
tedious for practical application. 

The next idea was to select a con- 
venient method of applying a percent- 
age or factor for adequate compensa- 
tion. The question was “How large a 
percentage or factor, and on what 
base?” Such a percentage could be 
based logically upon either the hand 
having the smallest average time or 
on the hand having the greatest aver- 
age time. 

If based upon the hand with the 


smallest average time. the increase 
ratios would be: 

iV) 

M,>M. Increase p 

M,>P.. M. P.. M.. 
(VI) 

P, M,<P. M. P, M, “TM, 
(VII) 

M,<M. Increase M. 
P, M,>P.. M. P.. M. Tm," 
(VIIL) 

M,<M. Increase p 

P, M,<P., M. P, M, 


In the case where M,—M.z, the in- 
crease ratio is always equal to 1—P. 
If P,; and P, are measured continuously 
from 0.0 to 1.0, then the increase ratio 
can range from greater than 0.0 to less 
than 1.0. Over a statistically large 
sample, the average ratio would be .50. 

Where M, is not equal to Ms», the 
increase is not so easily described. But 
since M./M, and M,/M.z are both less 
than one, the theoretical average in- 
crease would be greater than .50. 

The theoretical average increase is 
offset by the fact that P, and P. were 
not normally measured continuously 
from 0.0 to 1.0 (0% to 100%), but 
in discrete intervals, sometimes as great 
as 25‘,. A sample of 255 test calcu- 
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lations showed an average increase of 
54‘% over the smallest average single 
hand standard element time. . 

At this point, it was decided to apply 
the simo allowance by adding 50‘. of 
the smallest variable time to each hand. 
This rule was observed from 1941 to 


1950. In 1950, the rule was altered 
for further simplicity. The current 
practice is to add 50‘. of the right 
hand variable time to that hand and 
50‘ of the left hand variable time to 
the left hand. This is a slight liberali- 
zation of the old rule and in some 
cases represents an excessive allowance. 
Applying the rule for simo allow- 
ances to the second example of as- 
sembling switches we have the follow- 
ing result: 
Line 2—tirasp (alse Line Ne. 24 units 
Line t&—Asexmble 


(alse Line Nes, 13.15 22 units 


Total Variable mir 


Simo Allowance 
(50¢) of Total Variable) 
Total pork up and assemble time 
previously shown 
Total Seleet Time min 
Inerease due to change 
in motions — 18.6%, 
Increase for simo allowance 6.4% 
Total increase due te 
operation 


ercentage of increase due 


5°) 


to change in motions 
Vercentage of increase due 

te sime allowance 

Tests on the actual over-payment 
have not yet been completed. How- 
ever, there is reason to believe that the 
average is less than 5‘.. Since the 
variable portion of a standard element 
of work is usually about “4 to '2 of 
the total element, the error per element 
would probably be less than 242‘. 
When the element is linked with trans- 
ports, the error is reduced even fur- 
ther—in most cases it is believed to 
be less than I‘.. The findings on the 
actual error will be the subject of a 
future research report. 


— 


FUNCTIONAL DEFINITION 
(Continued from Page 18) 


these problems were, prior to the ad- 
vent of the trained Industrial Engineer, 
handled by shop personnel without 
technical training, and still are in some 
cases. Many of these problems became 
large and important gradually over a 
period of years as industry became 
more complex. As an example, con- 
sider the case of tooling. I well recall 
a prominent tool engineer saying to me 
about ten years ago, “Tooling has got 
where it is today in spite of the fact 
that the colleges have done nothing 
about it—but we wish they would.” 
Thus, as these problems became more 
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complex and apparent it was obvious 
that a brand of engineering was needed 
which contained basic training in fields 
outside those covered by the older 
branches of engineering. Industrial En- 
gineering came into existence to fill 
this need. 

A re-examination of Table | also 
will reveal much about the curriculum 
requirements for the Industrial Engi- 
neer and also why the Business Admin- 
istration graduate has great difficulty 
competing with the Industrial Engineer. 
In addition to the usual chemistry. 
physics, graphics, mathematics, and 
English the Industrial Engineers needs 
a sound training in mechanics, engi- 
neering materials, manufacturing pro- 
cesses, heat-power, fluid mechanics. 
electrical circuits and machines, ac- 
counting and cost accounting, business 
organization, production planning and 
control, statistics and quality control. 
time and motion study, wage stand- 
ards, toolings, psychology, engineering 
economy, and a heavy dose of the 
humanities. The problems indicated in 
Table I involve all of these subjects. 

Anyone who is familiar with engi- 
neering curricula will note that about 
three-fourths of the subjects just listed 
are the basic ones included in all engi- 
neering curricula. At the same time the 
remainder are not included, as a whole. 
in any of the curricula except in the 
case of Industrial Engineering. Thus 
there is no doubt that Industrial Engi- 
neering is truly a field of Engineering 
and similarly no doubt about the fact 
that no other field of engineering offers 
the training required by the Industrial 
Engineer. 

Similarly, examination of Table | 
reveals the fact that most of the prob- 
lems are-scarcely touched in the usual 
Business Administration curriculum. 
Thus while the B. A. graduate can cope 
with a few of the problems, he usually 
is at a great disadvantage when com- 
pared with the Industrial Engineer. 
The job calls for an engineer and that 
he is not. 

Now that | have defined Industrial 
Engineering in terms of the functions 
which the Industrial Engineer deals 
with, I would like to give the only defi- 
nition of Industrial Engineering that 
appeals to me:—*The broadest trained 
of all the engineers.” 


STATISTICS IN TIME STUDY 
(Continued from Page 11) 


a. Estimating the end-of-element 
watch reading prior to completion 
of the element. 

b. Noting completion of the element 
and then reading the watch. 

If time study men use different read- 

ing methods when observing the same 
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element, different mean times and there- 
fore a ¢y-y:,n are very possible. 

On the other hand it is possible that 
¢,, differs from person to person and is 
large in comparison to If 
nap IS Of the order the time 
study observer whose ¢,, is .0030 would 
require only about 2 as many observa- 
tions for given accuracy as does the 
observer whose ¢,, is .0060 minutes. If 
this hypothesis of individual differences 
in 7,, is true, why shouldn't we take ad- 
vantage of this possible economy? Or 
to go further, why shouldn't we use 
such knowledge to select as time study 
men those applicants with the least 
variability? 

It is possible that ¢,=¢x nan. | hope 
not because: 

If =k 
timing — osx BAK +k 
timing = 1.4k 

Eliminating either 70 or ¢x-pax will 
reduce Fin ing DY Only .4 1.4 or about 
30%. 

In short, it seems to me that this 
paper and the experiment which pro- 
duced the .0O8(0) minute value of 
Faise More questions than they 
answer. I have pointed to two of these 
questions: 

1. How important to time 

study precision? 

2. Have we investigated ¢;,,;,. suffi- 

ciently? 

Until they are answered satisfactor- 
ily, conclusions based on the .008(0) 
figure should be hedged with repeated 
references to their limitations. 

Note: Out of curiosity | am going to 
reanalyze Mr. Lazarus's data (which he 
has kindly sent to me); if watch read- 
ing error is independent of element 
size, I shall test the hypotheses about 
watch reading error outlined above and 
report my conclusions. This reanalysis 
of Mr. Lazarus's data, incidentally, 
should provide a check on Abruzzi’s 
conclusion that ¢y-n,4,n was the main 
source Of ¢),,:.. in data made available 
to him. 


"Abruzzi. Adam. “‘Work Measurement." Colum 
bia University. Press, New York, 1952, page 235 


Book Review 
Timestudy Fundamentals 


for Foremen 
By Phil Carroll, Professional Engineer, McGraw- 
Hill Book Company, Inc., 1951, 209 pages. 


—Reviewed by Joseph S. Dwyer. Professor and 
Head, Department of Industrial Engineering and 
Engineering Drawing, Texas Technological (Col 
lege 


As viewed by a foreman, time study 
may have a special meaning entirely 
different than that of the time study 
man. The importance of the time study 
function and wage incentive proce- 
dures are not sbuapelltiy understood 
by the foreman. For the average fore- 
man, existing time study texts and 


literature are not apt to be a good 
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source of information because of the 
difference in viewpoint. ‘“Timestudy 
Fundamentals for Foremen” by Phil 
Carroll has been written to provide 
information specifically for the fore- 
man in language he can understand. 
Since the book is directed toward the 
foreman and not the Industrial Engi- 
neer, the relationship of time study to 
the foreman’s position is given first 
consideration. The popular first edi- 
tion and the recently published second 
edition concentrate on selling time 
study, methods analysis, and wage in- 
centives to the foreman. It also gives 
the basic information the’ foreman 
should know about these things. For 
the most part, Mr. Carroll sticks to the 
selling and informative objective. How- 
ever, there are frequent pleas for co- 
operation and understanding between 
the foreman and time study man. 

Mr. Carroll uses an informal con- 
versational style of writing in which 
the discussion is directed in a personal 
manner toward the reader. Shop slang 
and terms are used generously. The 
numerous illustrations and cartoons 
emphasize the main points. The book 
is fast and easy to read. It is well 
suited for use as a manual for group 
training and discussions. 

For the diligent foreman or indi- 
vidual who wishes to make a careful 
study of time study, the presentation 
might be unsatisfactory and the style 
objectionable because of the “talking- 
down-to-the-reader™ impression that it 
gives, the repetition, and the expres- 
sion of opinions which are presented 
as facts. Since the book was not writ- 
ten for such a reader, however. such 
devices may be justified. 
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Book Review 
Methods of Operations Research 


By Philip M. Morse and George E. Kimball, The 
Technology Press of Massachusetts Institute 
of Technology and John Wiley & Sons, 
Inc., New York, 1951, 158 pages. 


—Keviewed by Kobert M. Eastman, School of 
Industrial Engineering, Georgia Institute of Tech 
nology 


Operations research has been hailed 
by many as a great discovery for solv- 
ing practical problems. Others regard 
it as a publicity man’s treatment of the 
scientific method. In this volume, the 
authors describe operations research by 
discussing its wartime organization and 
performance. Examples their 
World War II work with the Navy 
skillfully supplement the statements of 
general principles. 

The major contribution of operations 
research is, I believe, its organization 
of scientific method and manpower for 
the solution of the practical problems 
of business, industry, government and 
the military: It is true that OR pre- 
sents little or nothing new in scientific 
theory or knowledge. However, OR 
has pointed out how an organization 
may apply pure science and its meth- 
ods to the solution of ordinary opera- 
tional problems. OR has also helped 
break down the interdisciplinary bar- 
riers resulting from overspecialization. 
Outstanding results have been obtained 
by groups of scientists from different 
fields. 

The industrial engineer will be in- 
terested in the organizational aspects 
and the scientific procedures. Although 
‘most of the examples are military. 
many of the ideas and procedures can 
be used in industrial work. 

The average industrial engineer may 
find the mathematics a little difficult. 
He can still follow the descriptive 
material. Moreover, the profession of 
industrial engineering is using more 
and higher mathematics as it is called 
upon to produce scientific justification 
for its practices. This trend has been 
pioneered by the industrial engineering 
departments of our universities. Greater 
use of the scientific approach, includ- 
ing Operations research organization 


‘and techniques, will benefit the pro- 


fession by putting it on a far firmer 
foundation. 


The Industrial Engineer 


in Purchasing 
By George E. Hecox 


Professional kngineer 


The future expansion of engineering 
into new fields depends largely upon 
the imagination of industrial manage- 
ment and their ability to recognize the 
versatility of the engineer in depart- 
ments other than design. Production 
engineering, incentives, systems, and 
job simplification are some of the areas 
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that have been penetrated by engineers 
and now are included in a group known 
as Industrial Engineers. More recently 
Purchasing has provided another berth 


for our profession. In the May 26, 
1952 issue of the “Wall Street Journal,” 
Mr. Joseph M. Guilfoyle wrote an ar- 
ticle on “Cost Control,” in which he 
demonstrated how General Electric has 
cut costs by turning their engineers 
loose in their purchasing department. 

The engineer is at home in the Pur- 
chasing Department. Why should de- 
sign engineers spend their valuable time 
re-interviewing the multitude of sales- 
men that a buyer might pass on to 
them, just because he doesn’t know 
if the item is of use or not? An engi- 
neer in the buyers seat can quickly 
ascertain what materials and processes 
can be utilized by the designer or de- 
velopment engineer and then forward 
these persons, or the information they 
have to offer, to the proper authority. 

The purchasing department usually 
reports to an authority who is respon- 
sible for profits, such as the c 
troller. Their primary purpose 1: 


They are responsible for financial sol- 
vency, maintainance of production 
schedules, and sales at a competitive 
price with reasonable delivery. 

Their financial responsibility is ob- 
vious; they must obtain “the bestest 
for the leastest.” The responsibility to 
production departments is just as im- 
portant, especially in periods of scar- 
city. (This scarcity can be in material, 
as during a national emergency; or a 
scarcity of capital, as, during an eco- 
nomic recession. ) 

In a national emergency the buyer 
must be able to purchase raw materials 
to keep the machinery operating and 
producing goods. He must be able to 
say at a glance whether a material 
specification is satisfactory, or if the 
analysis of an offering of steel will 
provide the product with the strength 
required. Who can determine such 
things better and faster than an engi- 
neer? Who will be most capable of 
recognizing materials that will be better 
than those presently used? The answer 
is so obvious that until recent years it 
has been generally overlooked. 

In an economic recession or a highly 
competitive period the price of the 
article is extremely important. The 
purchasing department must be able 
to analyse the parts that go into the 
making of a product and find| ways of 
purchasing these items for a\smaller 
unit cost, yet not affect the quaktx, of 
the end product. True, this is done by 
the product designers who see some 
of the new techniques, but who is. in 
a better position to keep ahead of the 
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trends, to visualize the application of 
the materials the salesman offers, or 
note how other manufacturers are 
doing things? Yes, an engineer in pur- 
chasing can hold a very strategic posi- 
tion. 

To what extent does the purchasing 
department affect sales? Each vendor 
is a potential salesman for the products 
of their customer. As an example, let 
us use pneumatic tools. Mr. “A” is a 
salesman for a manufacturer of fast- 
eners. He remarks, “I’m having a 
rough time sellings screws to the B. 
and A. Manufacturing Co., because 
they think there should be a faster 
way of assembling parts.” Here, the 
buyer retorts, “Don't they use pneu- 
matic screwdrivers?” Being a good 
salesman Mr. “A” rushes right back 
to B. and A. and sells them a million 
screws because he has found a faster 
method of using them. In the mean- 
time the airtool manufacturer has sold 
some air powered screwdrivers. 

Who knows the methods applica- 
tions of a companies’ products better 
than the engineer working in that com- 
pany’? Who has the opportunity to 
advertise the versatility of your product 
better than the buyer? Many salesmen 
are engineers and an engineer talking 
to an engineer, ts like pulling the plug 
on a reservoir, a wealth of information 
is always released. Yes, an engineer 
can do a great deal in purchasing. 

These thoughts are being presented 
in the hope that more people will recog- 
nize the future that is ahead for the 
“Purchasing Engineer”; here is a man 
the stockholders can point to with 
pride and say, “There's an individual 
that will help us get the highest pos- 
sible return on our investment.” 


Book Review 
Factory Planning and 


Plant Layout 
By William Grant Ireson 
Prentice-Hall, Inc., 1952 


Kieviewed W \ Brooks School «of 
trral Engineering (ieorgia tlnstitute of 


The subject book contains a total 
of 312 pages of text, plus 46 pages 
of problems and templates necessary 
thereto and 16 pages of appendices 
containing Capital Recovery Factors, 
Present Worth Factors, both single 
payment and uniform annual series. 
and certain data for factory planning. 
The text is divided into thirteen chap- 
ters. The chapters are in general well 
arranged and complete, with a mini- 
mum of extraneous matter, and follow 
a logical sequence, except for that on 
Economic Analysis (Chapter 3), which 
it is considered could have more ap- 
propriately been made the last chapter. 
The chapters headed ‘Introduction to 
Factory Planning (Chapter |), Com- 
mon Errors in Layout (Chapter 6). 


Tech 
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purchase a specified material, of/ the 

best quality, at the least unit fosts 

= 


= 


Layout of Auxiliary Departments 
(Chapter 7) and Management Aspect 
of Factory Planning (Chapter 13) 
were considered to be especially good. 
Chapter 10, Factory Services, while 
very complete. at times goes into too 
much detail, as for example the ex- 
planation of what is a watt. The same 
can be said with more emphasis about 
Chapter 12, Planning Personnel Facili- 
ties. It is difficult to see the need for 
aun explanation of the steps in hiring a 
man, how to run a cafeteria or what 
causes sweat. But these are minor 
faults and do not particularly haem 
the book—they just seem out of place. 

The book is amply illustrated, par- 
ticularly in connection with Materials 
Handling. The problems are valuable 
if the time available permits the in- 
structor to proceed in a leisurely fash- 
ion and assign the problems as a build- 
up to the problem of a complete fac- 
tory layout, but in any case they can- 
not be considered a detriment. The 
compound-interest tables are helpful. 
as are also the data on Materials Hand- 
ling, Clearances for Washroom Facili- 
ties and Minimum Fixture Require- 
ments. 

Lighting. heating and ventilating are 
touched upon in a few scattered spots 
in the book, but it ts felt that these 
important characteristics deserve more 
extended treatment, and that a chapter 
on natural and artificial lighting and 
another on heating and ventilating 
would have added materially to the 
completeness of the text. However, it 
should be noted that most authors on 
the subject of factory planning and 
plant layout also fail to discuss these 
factors. And it is also felt that, al- 
though the author appears to be cost 
conscious, he could well have collected 
in one place all the various items which 
go into the cost of the finished product. 

Along this same line, it ts believed 
that one criticism which can justifiably 
be made of the book ts that, while it 
frequently enumerates a list of char- 
acteristics, advantages, disadvantages 
OF points in question, these are usually 
buried in the text, making them hard 
to find and difficult for the student to 
recognize as important points. Such 
matters should be tabulated and inset 
to emphasize their importance, and to 
make them apparent for ready refer- 
enee. 

Summing up. the writer feels that 
the text is well arranged, well written 
and reasonably complete. It is well 
suited for use as a college text. 
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Book Review 


A Manual For 
Time Study Supervisors 


By Robert L. Thomas, Columbia Graphics. 
Columbia, Conn., 1952, 66 pages, $2.00. 


—Keviewed by Robert M. Eastman. School of 
Industrial Engineering. Georgia Institute of Teeh 
nology 


This small volume is a distillation 
of customary ideas and procedures used 
in time and motion study. It appears 
to be based on a successful company 
manual. However, someone who wants 
a short but fairly complete summary 
of time and methods study will find 
this book interesting and useful. 


Book Review 


The Fundamentals of 
Top Management 


By Ralph Currier Davis. Harper & Brothers. 
New York, 1951, 825 pages, $6.00. 
~Keviewed by Robert M Fastman. Scheel of 
Industrial Engineering. Georgia Institute’ of 

Technology. 


As an Industrial Engineer is pro- 
moted upward in his company, he more 
frequently is confronted with manage- 
ment and organizational problems. Fur- 
ther progress depends on his mana- 
gerial ability although he will always 
use the logical approach of the engi- 
neering method. 

Since Prof. Davis reached his present 
eminence via the engineering college- 
Industrial Engineering route, his ap- 
proach will appeal to Industrial Engi- 
neering thinking. His treatment of 
policy, philosophy and theory are quite 
thorough. 

Unfortunately, the book is handbook 
length, but not handbook organization. 
The discussion is abstract with too few 
examples to relieve and illustrate. Prof. 
Davis’$ material is accurate, authorita- 
tive and sound, but it is a formidable 
work to anyone except a determined 
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reader. 

Finally, can management be taught 
in a class or learned from a book? As 
John McDonald points out in the De- 
cember 1952 issue of Fortune, getting. 
giving and withholding information ts 
the crux of many management dect- 
sions. The evaluation of available data 
and estimation of vital but missing 
facts are essential to executive action. 
All any book can do ts to outline suc- 
cessful policies and theory and to give 
examples which may supplement ex- 
perience. 


145 North High Street 


$5.00 for three years 


JOURNAL OF INDUSTRIAL ENGINEERING SUBSCRIPTIONS 
AMERICAN INSTITUTE OF INDUSTRIAL ENGINEERS, INC 


Enter my subscription to The Journal.” Enclosed is 


Columbus 15, Ohio 


$2.00 for one year 


THe JOURNAL OF INDUSTRIAI 


ENGINEERING 


‘ 
1 
I 
' City Zone State 


